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ABSTRACTS OF CURRENT PUBLISHED INFORMATION 


ON NICKEL AND ITS ALLOYS 


GENERAL 


Experience with an X-Ray Fluorescence 
Spectrometer and a Solids Mass Spectrometer 


K. M. BILLS: ‘Experience with an X-Ray Fluorescence 
Spectrometer and a Solids Mass Spectrometer.’ 
Metallurgia, 1961, vol. 63, Jan., pp. 45-52. 


During recent years metallurgical research has made 
increasingly exacting demands on the analyst, both 
with respect to the specification limits within which 
alloys must be produced and to the amount of delet- 
erious trace elements deemed permissible. Optical 
emission spectroscopy has continued to make a major 
contribution to analysis, and the usefulness of this 
technique has increased as direct-reading methods 
have become commonplace and as vacuum spectro- 
scopy has been successfully applied to some of the 
problems involved in the determination of non-metal- 
lic elements. Nevertheless, the accuracy of the 
technique is restricted by sampling errors and, to a 
lesser extent, by instability in the light source. Sen- 
itivity is limited by the spectrum-line/background 
ratio, which is influenced by various factors, among 
which are the physical properties of the impurity 
sought, relative to those of the matrix. 

The need to supplement emission spectroscopy, in 
order to secure greater accuracy and sensitivity, re- 
sulted in the initiation of a detailed survey of poten- 
tially useful techniques, the criteria being: accuracy, 
+0:25 per cent. of content; sensitivity, a limit of 
detection of 1 part in 10°. The general conclusion 
was that no single technique offered both the required 
accuracy and sensitivity. Nevertheless, it appeared 
that both demands could be met separately: accuracy 
could be provided by X-ray fluorescence spectroscopy, 
whilst adequate sensitivity could be achieved by 
mass spectroscopy. Practical proof was provided 
by tests carried out on a General Electric X-ray 
spectrometer at the Birmingham Research Laboratory 
of The International Nickel Company (Mond), 
Limited, and on a prototype mass spectrometer 
constructed in the Research Department of Metro- 
politan Vickers (now A.E.I. (Manchester), Ltd.). 
Following the success of these trials, a Solartron 
XZ.736 double-beam X-ray fluorescence spectro- 
meter and a Metropolitan-Vickers M.S.7 solids 
mass spectrometer were installed during 1959 in 
the Analysis Section of the Birmingham Research 
Laboratory, and have now been in continuous 
operation for several months. A practical assess- 
ment of the performance of these two new instruments 
is made in the present paper. 
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The illustrative data presented were derived from 
analyses of, inter alia, ‘Monel’, high-purity nickel, 
and 18-8 stainless steel. 





NICKEL 


Nickel: Literature Survey 
See abstract on p. 96. 


Surface Self-Diffusion Measurements on Nickel 


J. M. BLAKELY and H. MYKURA: ‘Surface Self-Diffusion 
Measurements on Nickel by the Mass-Transfer 
Method.’ 

Acta Metallurgica, 1961, vol. 9, Jan.,” pp. 23-31. 


In the study reported the surface self-diffusion 
constant, Ds, was calculated for nickel (heated in 
vacuo at temperatures between 800° and 1200°C.) 
from interferometric measurements of the rate of 
smoothing of scratches. 

Ds was found to depend strongly on surface orient- 
ation, the dependence being greatest at the lower 
temperatures. This effect is ascribed largely to 
orientation-dependent impurity adsorption. The 
formation of flats of exact (111) and (100) orienta- 
tions was observed, indicating much higher values 
of Ds for these planes. 

Impurity adsorption was found to be least for 
surfaces near (111). The variation of diffusion con- 
stants with temperature for surfaces orientated within 
25° of the (111) surface was given by Ds= Do exp 
(—Q/KT) with Do=5(-.3) x 10-* cm.?/sec. and 
Q=0-62 (+0-08) eV. 


Magnetic Contributions to the High-Field Elastic 
Constants of Nickel and an Iron-Nickel Alloy 


G. A. ALERS, J. R. NEIGHBOURS and H. SATO: “Temp- 
erature-Dependent |Magnetic Contributions to the 
High-Field Elastic Constants of Nickel and an 
Fe-Ni Alloy.’ 

Jnl. Physics and Chemistry of Solids, 1960, vol. 13, 
May, pp. 40-55. 


Since the fundamental interaction between magnetic 
moments in a ferromagnet contributes to the total 
energy, there should also be a corresponding con- 
tribution to the elastic constants. The investigation 
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described was carried out to measure the elastic 
constants C44, 3(Cy-Cy.) and $(Cy,+Cy.+2Cyy) 
in nickel and an iron-nickel alloy (30 per cent. 
nickel) through their respective Curie temperatures 
at applied magnetic fields high enough to eliminate 
the ordinary ‘AE effect’ associated with domain- 
wall motion. 

The intrinsic magnetic interaction which should 
produce changes in the elastic constants upon passing 
through the Curie temperature was clearly observed 
in both materials. The first and the second deriv- 
atives of the exchange energy are estimated from 
these results. Such an interpretation was found to 
be relatively straightforward for nickel, but the large 
volume of magnetostriction of the iron-nickel alloy 
rendered analysis of the data difficult. The measure- 
ments on nickel were extended down to 4:2°K., 
while those on the alloy did not go below room 
temperature because of the possibility of martensitic 
transformation. 


Influence of Impurities on the Annealing of 
Cold-Worked Nickel 


L. M. CLAREBROUGH, M. FE. HARGREAVES, M. H. LORETTO 
and G. w. west: ‘The Influence of Impurities on 
the Annealing of Nickel after Cold Work.’ 


Acta Metallurgica, 1960, vol. 8, Nov., pp. 797-803. 


In previous papers CLAREBROUGH ef al. described 
investigations in which the annealing of deformed 
nickel of commercial purity (99-6 per cent. nickel) 
was studied by measurement of stored energy, 
electrical resistivity, density and hardness. Two 
definite stages were found for this material, one of 
which was attributed to the disappearance of vacancies 
at temperatures up to 350°C., and the second to 
recrystallization at temperatures in the neighbour- 
hood of 600°C. In the experiments now described, 
measurements of stored energy and of changes in 
electrical resistivity and density accompanying 
annealing were made on nickel of 99-85 per cent. 
purity deformed in torsion and compression. 

Behaviour was found to differ notably from that 
previously determined for nickel of 99-6 per cent. 
purity, and the results suggest that little or no 
recovery involving dislocations occurs in the purer 
nickel between room temperature and the recrystall- 
ization temperature. There appeared to be two 
stages of annealing prior to recrystallization in the 
99-85 per cent. material, although these were not 
clearly resolved: the stages, centred at 120°C. and 
260°C., are tentatively ascribed to the annealing of 
interstitials and vacancies, respectively, and the 
observed changes in the resistivity and density are 
considered explicable on this basis. 

Measurements of stored energy, carried out on 
nickel specimens of even higher purity (99-96 per 
cent. nickel) deformed in compression, indicated that 
the first two stages are clearly resolved in this material 
(provided that deformation is sufficiently low to 
ensure that recrystallization does not interfere with 
their observation). 


Influence of Hot Working on the Structure and 
Creep-Rupture Properties of Nickel 


See abstract on p. 100. 


Influence of Nickel on the Solubility of 

Nitrogen in Liquid Iron 

R. D. PEHLKE and J. F. ELLIOTT: ‘Solubility of Nitrogen 
in Liquid-Iron Alloys. 1. Thermodynamics.’ 


Trans. Metallurgical Soc., AJ.M.E., 1960, vol. 218, 
Dec., pp. 1088-1101. 


The authors measured the solubility of nitrogen 
in liquid pure iron as a function of pressure and 
temperature. 

Sieverts’ law was found to obtain at all pressures 
up to | atm., and the temperature coefficient of 
solubility was 8x10-® per cent./°C. Study of the 
solubility of nitrogen in liquid-iron alloys (using 
the Sieverts’ method and the sampling method) 
showed that aluminium, carbon, cobalt, copper, 
nickel, oxygen, silicon and tin decreased, and 
chromium, niobium, manganese, molybdenum, tan- 
talum, tungsten and vanadium increased, solubility. 
Interaction coefficients, e3, for the effect of these 
elements on nitrogen dissolved in liquid iron are 
reported. 


Solubility of Nitrogen in Liquid Nickel and Liquid 
Tron-Nickel, Nickel-Chromium and 
Tron-Chromium-Nickel Alloys 


J. C. HUMBERT and J. F. ELLIOTT: ‘The Solubility of 
Nitrogen in Liquid Fe-Cr-Ni Alloys.’ 

Trans. Metallurgical Soc., AJ.M.E., 1960, vol. 218, 
Dec., pp. 1076-88. 


The solubility of nitrogen in liquid pure iron, 
chromium and nickel, and in liquid iron-nickel, 
iron-chromium, nickel-chromium and iron-chrom- 
ium-nickel alloys, was measured in the range 1500°- 
1800°C. using the Sieverts’ type apparatus. 

The solubility of nitrogen in the liquid pure metals 
at 1600°C. and | atm. pressure was found to be as 
follows: iron 0:0438 + 0-0007 wt. per cent.; chrom- 
ium 6:5 wt. per cent. (super-cooled liquid); nickel 
0-001 +- 0-001 wt. per cent. 

The solubility of nitrogen at 1600°C. and 1 atm. 
pressure is reported for the alloy systems studied, 
and data on the activity coefficient of nitrogen and 
the heat of solution of nitrogen in the alloys are 
also recorded. Interaction coefficients were deter- 
mined. 

The data indicate that nitrogen obeys Sieverts’ 
law in the ternary field up to approximately 50 per 
cent. chromium. The feasibility of predicting the 
solubility of nitrogen, or its activity coefficient, in 
the ternary-alloy field from the interaction coeffi- 
cients of eX) and &c in liquid iron was assessed 
for alloys having relatively high concentrations of 
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iron. The predictions are shown to be reasonably 
accurate only close to pure iron and in the region 
of a 1/1 weight ratio of nickel to chromium. 


Research on Oxide-Coated Nickel Cathodes 


H. E. KERN: ‘Research on Oxide-Coated Cathodes.’ 


Bell Laboratories Record, 1960, vol. 38, Dec., 
pp. 451-6. 


In underwater repeaters for submarine cable 
systems the electron-tube cathode must be capable 
of emitting a steady, adequate supply of electrons 
for many years. It must not develop excessive 
internal impedance, and it must not evolve materials 
that could interfere with the operation of the tube. 
In submarine cable systems, the trend towards 
higher frequencies and greater bandwidths imposes 


stringent demands on tube design. One of the ~ 


main problems is the production of a very-long-life 
tube with a high transconductance. In 1955 a 
study was initiated to determine cathode materials 
suitable for such tubes. (At that time commercially 
available grades of nickel were unsatisfactory: 
cathodes made from them could not sustain a high 
transconductance for a long period of time, and 
inadequate control of the composition of the nickel 
alloy frequently permitted growth of electrical 
impedance at the interface between the alloy and 
its oxide coating.) 

Work by kK. M. OLSEN culminated in the development 
of special methods for preparing grades of nickel 
of such purity that the effects of single alloying 
elements could be studied individually (ibid., Feb., 
pp. 54-8: see abstract in Nickel Bulletin, 1960, 
vol. 33, No. 5, p. 105). In the nickel strip prepared 
by OLSEN, none of the elements present, other than 
those introduced intentionally as alloying additions, 
exceeded 0-005 wt. per cent. In the study now 
described, these high-purity grades of nickel were 
employed to throw light on the fundamental physics 
and chemistry involved in the generation of electrons 
by oxide-coated cathodes containing controlled 
amounts of additives. 

A variety of high-purity nickel alloys was prepared, 
each containing a desired concentration of a single 
reducing agent, or, in some cases, two reducing 
elements. All other impurities were maintained 
below 50 p.p.m. (and, in many cases, below 10 p.p.m.). 
Since, for many of the additives used in cathode 
alloys, the reaction that produces Ba will be limited 
by the rate at which reducing atoms diffuse through 
the nickel, rather than by the intrinsic chemical- 
reaction rate between BaO and the reducing atoms, 
a knowledge of these diffusion rates is essential in 
determining Ba-donor production rates. To deter- 
mine the fundamental relationships involved in 
Ba-donor production rates, diffusion studies on 
single-additive nickel alloys were therefore combined 
with thermionic-emission studies of the same alloys. 
Data on emission and life characteristics are presented 
for pure nickel and three of the most significant 
of the many cathode alloys studied (0-1%Zr-Ni, 
0-024%Mg-Ni, 0-028%Al-Ni). 
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The results demonstrate the extreme sensitivity 
of the oxide cathode to faint traces of impurities, 
and the investigation has permitted (for, it is stated, 
the first time in the history of the oxide cathode) 
the establishment of quantitative limits for the rate 
of production of Ba donors for a specific test structure. 

In other experiments, concerned with the sensitivity 
of the BaO coating to controlled amounts of oxidizing 
impurities in a pure-nickel base, it was found that, 
in the absence of reducing impurities, an oxygen 
concentration higher than about 0-002 per cent. 
was sufficient to prevent activation of the coating. 

Of the alloys tested, the Zr-Ni grade was found to 
exhibit the highest sustained total emission under the 
test-diode operating conditions, a property which, 
in combination with other superior characteristics, 
such as freedom from interface impedance, low 
sublimation rate and high tensile strength, is con- 
sidered to render it extremely attractive for oxide- 
cathode bases. 


See also 


Performance of High-Purity Nickel Cathodes 


H. B. FROST: ‘High-Purity Nickel Cathodes : 
Performance Studies.’ 


Bell Laboratories Record, 1961, vol. 39, Jan., pp. 18-22. 


In this article the author discusses a test programme 
in which the fundamental data derived in the study 
referred to in the preceding abstract was applied 
to the development of experimental cathodes for 
high-performance tubes. 

The cathode material selected for study comprised 
a very pure grade of nickel containing no additives, 
and a series of seven binary nickel alloys containing 
the following elements: 0-03 or 0-1 per cent. alum- 
inium; 0-02 or 0-1 per cent. magnesium; 0:2, 2-0 
or 4:0 per cent. tungsten. In addition, a com- 
mercial nickel (‘Inco 220’) was included in the study 
for comparative purposes. 

A special device, designated the M1935 electron 
tube, was selected for use in the test programme. 
The tube, which is sensitive to the important cathode 
properties necessary for the new submarine-cable 
tubes, is structurally similar to the Western Electric 
435A tube employed in the L3 coaxial transmission 
system; its anode, however, is fabricated from 
molybdenum (to reduce gas and contamination 
problems) and the control grid is modified to allow 
operation at lower voltages. Nine groups of tube 
were assembled for testing (each of the nine tubes 
in each group incorporating a different cathode 
material). Tubes from each group were tested at 
three current densities and three cathode temperatures. 
Ten different parameters were measured periodically 
during the life tests, but many of the measurements 
were made primarily to ensure that the tubes were 
operating correctly, and the most important factors 
studied were: (1) transconductance, (2) total emission, 
(3) the impedance in the cathode at the nickel/oxide 
interface. 

Data on the tungsten alloys suggest that tungsten 
becomes available as an activating agent only very 

















slowly, an extremely desirable characteristic for 
tubes expected to last for many years. Other data 
show that the total emission of the tungsten alloys, 
after about 15,000 hours at a cathode temperature 
of 790°C., was superior to that of all the other 
materials: although 790°C. is too hot for long-life 
use, the findings suggest that the performance of 
these alloys should be superior to that of the others 
after a much longer time of operation at lower 
temperatures. After 25,000 hours at an operating 
temperature of 675°C., the total emission of the 
tungsten alloys, though about the same as at the 
higher temperatures, was lower than that of the 
other alloys studied. The total emission of the 
magnesium alloys at these lower temperatures was 
high and the diffusion rate of the magnesium was 
relatively rapid. 

Tests at 675°C. demonstrated that the tungsten 
alloys require a long initial period for stabilization, 
in an attempt to obviate which, tests were made on 
alloys containing both tungsten (2 per cent.) and 
magnesium (0-02 per cent.). Tubes incorporating 
cathodes fabricated from this alloy have been under 
test for 25,000 hours and appear to combine the 
major advantages of both additives: the long life 
of the tungsten, and the rapid stabilization of the 
magnesium. Even though major modifications in 
manufacturing procedures (particularly in the clean- 
ing, ageing and exhaust stages) would be necessary 
before tungsten-nickel and magnesium-tungsten- 
nickel alloys could be employed in quantity pro- 
duction, they are regarded as of high promise for 
applications (e.g., submarine-cable tubes) requiring 
satisfactory long-life performance. 


Resistance of Nickel Condenser Tubes to 
Sea-Water Corrosion 


See abstract on p. 108. 


Determination of Copper, Lead, Iron, Aluminium 
and Nickel in Copper Alloys: British Standard 


BRIT. STANDARDS INSTN.: ‘Methods for the Analysis 
of Copper Alloys. Parts 1-5. Copper, Lead, Iron, 
Aluminium and Nickel.’ 


B.S.1748: Parts 1-5: 1961. Price 6/-. 


The methods for the determination of copper, lead, 
iron, aluminium and nickel covered by the Standard 
form part of a series which, relating to the analysis 
of copper alloys, will eventually comprize a complete 
British Standard issued in several parts. They 
are intended primarily for the analysis of the copper 
alloys included in B.S.1400 (‘Copper Alloy Ingots 
and Castings’) and of those being included in the 
series of schedules of wrought copper and copper 
alloys, B.S. 2870 to B.S. 2875 (of which B.S. 2871 
has already been published and the remainder are 
in the course of preparation). 

Because the determination of copper, lead, iron, 
aluminium and nickel may be effected, in the order 
given, from one sample weighing, opportunity 


has been taken to include the five methods under 
one cover. The procedures have been found to 
give reliable and reproducible results, and it is pointed 
out that, though they may in some instances appear 
to be lengthy, they are put forward as referee methods 
to be used in cases of dispute. 

Nickel, in the range 0-005-2-0 per cent., is deter- 
mined photometrically on an aliquot of a copper- 
free electrolyte. 


Precipitation of Nickel Dimethylglyoximate from 
Homogeneous Solution 


E. D. SALESIN and L. GORDON: ‘Precipitation of Nickel 
Dimethylglyoximate from Homogeneous Solution.’ 
Talanta, 1960, vol. 5, Aug., pp. 81-5. 


The reaction of dimethylglyoxime with nickel II 
has been used extensively for the quantitative deter- 
mination of nickel. Use of other dioximes has also 
been suggested, in some cases, as a means of increasing 
the molecular weight of the dioxime, and, in other 
cases, to overcome certain deficiencies (e.g., the 
slight solubility of dimethylglyoxime in water). One 
difficulty, the voluminous and somewhat gelatinous 
character of nickel dimethylglyoximate, which has 
generally limited the quantity of nickel precipitated 
to less than 40 mg., has been overcome by using 
urea to precipitate the chelate from homogeneous 
solution. In the present paper the authors report 
a method suitable for the precipitation of large, 
well-developed and readily filterable crystals of 
nickel dimethylglyoximate from homogeneous 
solution. 

Dimethylglyoxime is generated in the presence of 
nickel II by reacting biacetyl and hydroxylamine, 
the needle-like crystals precipitated being frequently 
up to several millimeters in length. Large amounts 
of nickel (of the order of 200 mg.) are easily handled. 
The utility of the method is illustrated by presentation 
of results obtained for nickel in the presence of 
selected diverse substances (e.g., cobalt, copper, 
iron and National Bureau of Standards steel samples). 


Volumetric Determination of Nickel in the 
Presence of Aluminium 


I. GRECU, V. HANDELSMANN and E. CUREA: ‘Con- 
tributions to the Volumetric Determination of Nickel 
Alone or in the Presence of Aluminium.’ 

Revista de Chimie (Rumania), 1960, vol. 11, July, 
pp. 413-4. 


The method described is based on the initial precip- 
itation of aluminium as Al(OH), with an excess of 
a 4 per cent. pyramidon solution, followed by precip- 
itation of nickel as nickel sulphocyanopyramidon, 
[Ni(C,;H,,ON3)2](SCN)2, with an excess of a 
solution of NH,SCN 2/10. 

After the separation of the precipitate, a known 
amount of AgNO, n/10 is titrated (in the presence 
of ferric alum as indicator) with the filtrate con- 
taining the excess of sulphocyanide. 

The technique is stated to be easily carried out, 
precise and rapid. 
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Determination of Palladium, Nickel and Zinc 
Using Dalzin 


N. K. DUTT and K. P. SEN SARMA: ‘Diallyldithiocar- 
bamidohydrazine (Dalzin) as an Analytical Reagent: 
Determination of Palladium and its Separation from 
Nickel, Zinc and Copper.’ 

Analytica Chimica Acta, 1960, vol. 23, Dec., pp. 531-3. 


Dalzin has been used for the determination and 
separation of a number of metals. The investig- 
ation now reported demonstrates that palladium can 
be quantitatively precipitated from hot solutions by 
Dalzin at pH 3-1-4-5, while most of the common 
ions and other platinum metals remain in solution. 
Copper, mercury and silver interfere, but the inter- 
ference of copper can be eliminated by complexing 
with EDTA and precipitating palladium at a pH 
below 4-5. Nickel and zinc can be determined in 
the filtrate with the same reagent. 


Photometric Determination of Small Amounts 
of Nickel 


H. HARTKAMP: ‘New Reactions for the Detection 
and Quantitative Photometric Determination of 
Small Amounts of Nickel.’ 
Zeitsch. Anal. Chemie, 
pp. 19-27. 


The author’s investigations show that, in the pres- 
ence of pyridine-2,6-diacetoxime or syn-phenyl-2- 
pyridylketoxime with potassium metaperiodate or 
other oxidizing agents, nickel II ions are oxidized, 
in neutral to weakly basic solutions, to nickel IV 
chelates of the pyridine derivatives. The deep-blue 
or blue-grey colour of the chelates provides a means 
of determining small amounts of nickel. 

Foreign ions, when present in large amounts, 
interfere with the determination. 


1960, vol. 178, No. 1, 


Spectrophotometric Determination of Nickel Using 
Mineral Acids as Reagents 


T. SHIGEMATSU, Y. YAMAMOTO, M. TABUSHI and T. 
KITAGAWA: ‘Spectrophotometric Determination of 
Nickel by Mineral Acid.’ 
Bull. Inst. Chemical Research, Kyoto Univ., 1960, 
vol. 38, July, pp. 3307-12. 


In the investigation described a study was made 
of the spectrophotometric determination of nickel 
using various mineral acids (e.g., hydrochloric, 
perchloric and sulphuric acids) as reagents. 

Measurements were made of the absorption spectra 
of nickel perchlorate in each acid solution, and, in 
the case of the perchloric-acid and sulphuric-acid 
solutions, it was found that the spectra were similar, 
a result which is attributed to the presence of the 
nickel aquo-ion. In the hydrochloric-acid medium 
the spectra were more complicated, showing batho- 
chromic and hyperchromic effects with increase in 
the concentration of the hydrochloric acid: this 
finding is ascribed to the successive formation of 
chloro-complexes. 
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Calibration curves for nickel were obtained at 
appropriate wave lengths in each acid solution, 
and Beer’s law was obeyed in the range 0-05M- 
0-3M. The method proposed for the determination 
of nickel is stated to be simple in procedure but of 
low sensitivity. 


Rapid Determination of Nickel in Ferrous and 
Ferromagnetic Materials 


C. L. LUKE: ‘New Rapid Method for the Determination 
of Nickel in Ferrous and Ferromagnetic Metals.’ 


Analytical Chemistry, 1961, vol. 33, Jan. pp. 96-8. 


Previous work by the author had suggested the 
feasibility of precipitating nickel quantitatively as 
hexamminoperchlorate (see abstract in Nickel 
Bulletin, 1960, vol. 33, No. 8-9, p. 191). Although 
the solubility of the salt has been reported to be 
too great to permit an accurate separation of nickel, 
recent work has indicated that, under suitable con- 
ditions, the separation can be made complete. As 
a result a rapid method for the determination of 
nickel in ferrous and ferromagnetic materials (at 
contents higher than 5 per cent.) has been developed 
and is described in the present paper. 

The nickel is isolated by precipitation as hexammino- 
perchlorate and then titrated by the classical cyanide 
method. The sample to be analyzed must contain 
at least 10 mg. of nickel and not more than 0-5 mg. 
of copper or 3 mg. of cobalt. The analysis can be 
effected in about 30 minutes. 


Preparation of Nickel Polyhedra by Reduction in 
Fused-Salt Systems 


R. A. LEFEVER: ‘Preparation of Nickel Polyhedra 
by Reduction in Fused-Salt Systems.’ 
Jnl. Electrochemical Soc., 1961, vol. 
pp. 107-8. 


In this paper, the author gives particulars of an 
experimental procedure applicable to the preparation 
of nickel powders containing uniform polyhedra. 
Limited work with iron and cobalt indicates that 
the method is also applicable to these metals. 
The powders were prepared by adding a reducing 
agent to a binary melt composed of the transition- 
metal halide and the corresponding alkali halide. 
Nickel polyhedra were preferably prepared by the 
reduction of nickel chloride in potassium chloride 
at 800°-1000°C. In a typical experiment, 10 g. 
each of analytical reagent grades of NiCl..6H,O 
and KCI were placed in a vertical fused-silica reaction 
tube and dried for several hours at 550°C. under 
a continuous flow of argon. After heating to 
1000°C. and holding at this temperature for one 
hour, reduction was effected by adding to the melt 
six pellets of aluminium weighing approximately 
30 mg. each. (The reducing agents were added 
in relatively small amounts in order to avoid in- 
fluencing particle characteristics by significant changes 
in concentration.) After addition of the reducing 
agent, the melt was held at 1000°C. for a specific 
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length of time, normally between 1 and 24 hours, 
and then allowed to cool to room temperature. The 
metal polyhedra were recovered by dissolving the 
halides in distilled water, magnetically collecting the 
powder at the bottom of the container, and pouring 
off the solution. After repeated washing, a wet 
sample of the polyhedra was transferred to a micro- 
scope slide, and the water then was allowed to 
evaporate after agitating the slide to a uniform 
particle distribution. 

The author comments upon the results of explor- 
atory studies designed to evaluate the influence of 
experimental conditions on particle size, symmetry 
and surface orientation. 


Ti,Ni-type Phases containing Titanium, Zirconium 
or Hafnium 


M. V. NEVITT, J. W. DOWNEY and R. A. MORRIS: ‘A 
Further Study of Ti,Ni-type Phases Containing 
Titanium, Zirconium or Hafnium.’ 

Trans. Metallurgical Soc., A.I.M.E., 1960, vol. 218, 
Dec., pp. 1019-23. 


This paper described the results of an investigation 

of the occurrence of Ti,Ni-type phases in binary 
and ternary alloys of titanium, zirconium and 
hafnium with first, second or third long-period 
transition metals, and also in ternary systems in 
which oxygen is the third component. 

The existence of 11 previously unreported isomorphs 
is cited, and some approximate phase boundaries 
are given. The periodic-table relationships involved 
in the occurrence of the phase are discussed. 

Data are included on the Hf-Ni-O, Hf-Ni-Co, 
Hf-Ni-Ru, Hf-Ni-Rh, Hf-Ni-Os and Hf-Ni-Ir 
systems. 


Magnetic Susceptibility, Heat Capacity and 
Third-Law Entropy of MgNi; 


J. S. WOLLAM and w. E. WALLACE: ‘Magnetic Suscept- 
ibility, Heat Capacity and Third-Law Entropy 
of MgNig.” 

Jnl. Physics and Chemistry of Solids, 1960, vol. 13, 
June, pp. 212-20. 


The reputed ferromagnetism of MgNi, (Curie 
point 235°C.) would, if confirmed, be of considerable 
interest because of its implications in relation to the 
electronic status of nickel in this compound. It is 
known that as nickel is alloyed with any of a variety 
of other metals, its saturation magnetization is 
progressively reduced as the concentration of the 
second metal increases. On this basis it would 
appear strange that MgNi, is ferromagnetic, since 
nickel in this compound is in chemical union with 
33% per cent. divalent metal: structurally, however, 
the compound is very different from metallic nickel, 
so that the crystal field in the compound differs 
markedly from that occurring in the nickel-base 
primary solid solutions which contain copper or 
zinc as solute. In the study now reported, the heat 
capacity and magnetic susceptibility of MgNis 


was investigated in an attempt to establish or refute 
the validity of previous findings indicating ferro- 
magnetism. 

The results of the study revealed no evidence of 
ferromagnetism in this Laves phase. MgNi, was 
found to be a moderately strongly paramagnetic 
material, with a susceptibility which is practically 
constant between 25° and 450°C. Thermomagnetic 
analysis showed a very slight but abrupt drop in 
the susceptibility at 194°C., and _heat-capacity 
measurements revealed a very small thermal anomaly 
at the same temperature. These effects are thought 
to be associated with some type of irregularity in 
the lattice (such as the defect structure which occurs 
when a nickel atom replaces a magnesium atom in 
the MgNi, lattice). Third-Law entropies of MgNi, 
at temperatures up to 555°K. are presented. 





ELECTRODEPOSITION AND 
OTHER COATING METHODS 


Decorative Plating in Europe 


A. C. BENNING: ‘Decorative Plating Abroad.’ 
Metal Progress, 1961, vol. 79, Jan., pp. 113-6. 


In this short survey of nickel/chromium-plating 
practice in the United Kingdom, Germany, France, 
Italy, Sweden and Holland, the author comments, 
inter alia, on the acceptance of American (and, 
in some countries, the development of individual) 
duplex-nickel processes, the corrosion tests employed 
in the automobile industry, the use of plated brass 
and of an undercoat of buffed copper in Germany, 
the extensive use of stainless-steel car trim in France 
(though nickel plating is expected to regain ground 
with the development of improved processes) and 
the ‘Quality Label Scheme’ initiated in the U.K. 
(by The International Nickel Company (Mond), Ltd., 
in collaboration with the British Non-Ferrous 
Metals Research Association and the British Standards 
Institution) in an attempt to eliminate sub-standard 
plating. 


Nickel and Chromium Recovery in the 
Electroplating Industry 


E. P. HARRIS: ‘A Survey of Nickel and Chromium 
Recovery in the Electroplating Industry.’ 


Published by Department of Scientific and Industrial 
Research, 1960; 44 pp. 


Early in 1958, a working party, set up by the Natural 
Resources (Technical) Committee of the Advisory 
Council on Scientific Policy to study the problem 
of industrial effluents and to collate data derived 
from Local Authority records, reported that progress 
could be made in solving the problem only if study 
was concentrated on selected industries (e.g., the 
electroplating industry). This report presents the 
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results of an inquiry into the losses of nickel and 
chromium during electroplating subsequently spon- 
sored by the Department of Scientific and Industrial 
Research. 

Information on the feasibility of reducing losses 
of nickel in the electroplating industry, the primary 
subject of the survey, was sought under two main 
headings: (1) the extent and cost of the loss; (2) static 
drag-out tanks, their economic value and the technical 
problems involved in their use. The following 
aspects were, however, also included within the 
scope of the survey: (1) loss of chromium; (2) con- 
sumption and cost of water, and means of reducing 
waste; (3) the use of the ion-exchange process. In 
the course of the survey, 55 firms were visited, and, 
of these, 42 provided the information which forms 
the basis of the report. Discussions took place 
also with the producers of nickel and chromic acid, 
with manufacturers of ion-exchange equipment, and 
with one trade supplier. 

The information obtained from the review is dis- 
cussed in five sections. The first is concerned with: 
the sources of nickel-solution loss (by drag-out, 
during solution purification, by leakage, from 
stripping rejects); assessment of solution losses; 
the economic value of static drag-out tanks, and the 
technical problems involved in their use; barrel 
plating. Chromium losses by drag-out and by spray 
formation form the subjects of the second section, 
while in the remaining three the author considers 
methods of reducing water consumption, discusses 
the applications of the ion-exchange process and the 
advantages it offers to the plating industry, and 
finally comments upon methods of treating plating 
effluents. 


Influence of Addition Agents on the Composition 
of Nickel Deposits 


A. H. Du ROSE: ‘The Influence of Addition Agents 
on the Composition of Nickel Deposits.’ 

Trans. Inst. Metal Finishing, 1961, vol. 38, Spring, 
pp. 27-34. 


The investigations reviewed by the author were 
carried out, or initiated, by Harshaw Chemical 
Company, Ohio, in an attempt to throw light on 
the rdle of addition agents in organic-type bright- 
nickel-plating solutions. (The author defines the 
adjective organic-type in terms of the presence of a 
sulpho-oxygen compound (designated the control 
agent) in relatively high concentration, together 
with a brightener (organic and inorganic) generally 
employed in relatively low concentration.) While 
it has been shown that polarization usually accom- 
panies brightness, and that carbon and sulphur are 
found in the bright-nickel deposit, the following 
aspects have received little attention: (1) the individual 
and combined effects, on polarization, of the two 
classes of nickel-plating addition agent; (2) the fact 
that while many compounds cause an increase in 
polarization, some apparently do not also cause an 
increase in brightness, or are of poor quality other- 
wise; (3) the contribution of carbon to the deposit 
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(the contribution of sulphur to the deposit has 
received much study, but the combined effect has 
been neglected, and the carbon content of the deposit 
has, in the main, been disregarded). 

In the investigations reported, determinations were 
made of the carbon, sulphur, nitrogen, hydrogen 
and oxygen contents of nickel coatings deposited 
from a Watts-type solution containing controlled 
amounts of various addition agents. Cathode polar- 
ization in the solution was also studied. 


It is‘shown that cathode polarization is increased 
by the brightener, an increase which can account 
for a more complete reduction of the sulphur in 
the sulpho-oxygen organic control agent. The 
control agent contributes sulphur to the deposit, 
but no significant amount of carbon, the sulphur 
being reduced and cleaved from the control-agent 
molecule. A nitrogen-containing organic brightener 
contributes both carbon and nitrogen to the deposit. 
The rate of increase in sulphur content of the deposit 
with increase in control-agent concentration is, it 
is concluded, inversely proportional to the control- 
agent concentration. Increase in carbon in the 
deposit was found to be accompanied by an increase 
in hydrogen and oxygen. 

The causes of brightness in bright nickel are dis- 
cussed, and it is suggested that brightness is associated 
with absence of surface projections, and that brighten- 
ing action is similar to that of levelling, the difference 
being in the size of the surface projections where 
adsorption takes place. 


Influence of Heat-Treatment on the Hardness of 
Electrolessly Deposited Nickel 


L. DOMNIKOV: ‘Hardness of Electroless Nickel 
Deposits: Effect of Heat-Treatment.’ 


Metal Finishing, 1961, vol. 59, Feb., pp. 52-4. 


Published data on the variation in the hardness 
of electroless nickel deposits with heat-treatment 
are often contradictory. This article is based on a 
report in a Russian metallurgical journal of an 
investigation carried out to study the influence of 
heat-treatment on nickel-phosphorus deposits and 
to establish optimum heat-treating conditions. 
Fuel-pump plungers (fabricated from steel con- 
taining carbon 0-97, manganese 1-09, silicon 0-16, 
chromium 0-92, tungsten 1°18, per cent.) were 
coated with nickel-phosphorus deposits 15-16 thick 
from a solution, operated at 90°-94°C., containing 
nickel chloride 30, sodium hypophosphite 10, sodium 
acetate 10, g./L. The specimens were heat-treated 
for various times at 150°, 200°, 250°, 300°, 400°, 
500°, 600°, 700°, 750° and 800°C. In the as-deposited 
condition the microhardness of the deposits ranged 
from 420 to 460 kg./mm.”. 


From X-ray examination of deposits before and 
after heat-treatment it was concluded that the 
changes in hardness during heat-treatment are 
related to the formation of a phosphide phase, 
not yet identified, which conforms neither to Ni,P 
nor Ni,P,; type. 


























A slight increase in the microhardness of the nickel- 
phosphorus coatings during heat-treatment at 
150°-200°C. is considered explicable by the fact 
that formation of the phosphide is incomplete at 
this temperature range. The change in character- 
istics of the deposits under different heat-treating 
conditions at higher temperatures is interpreted 
in terms of coagulation of the phosphide. 

In the temperature range 350°-400°C., micro- 
hardness increased independently of time at tempera- 
ture. The formation of the nickel phosphide at 
these temperatures resulted in increased hardness 
during the initial period of heat-treatment, and, 
the temperatures being too low for coagulation of 
the phosphides, subsequent heating produced no 
decrease in hardness. At higher temperatures 
coagulation commenced at a rate proportional to 
the temperature and holding time. When the 
coatings were subjected to heat-treatment at 500°C. 
and above, coagulation took place fairly rapidly, 
the amount of larger nickel-phosphide particles 
grew markedly in time, and hardness decreased. 
Heating at 350°-550°C. resulted in a microhardness 
of 750 kg./mm.? or higher, but maximum hardness 
(950 kg./mm.*) was obtained by heating at 400°- 
450°C. for 15 minutes. No change in hardness 
occurred as a result of increasing the holding time 
at 400°C. (at 500°C. hardness was found to decrease 
somewhat with time), but because longer heat treat- 
ment improved coating adhesion as a result of 
diffusion, optimum heat-treatment conditions were 
established as 40-45 minutes at 400°-450°C. 


Electron-Microscopical Study of Corrosion of 
Electrodeposited Nickel 


R. WEIL: ‘An Electron-Microscopic Study of the 
Corrosion of Electroplated Nickel.’ 


Plating, 1961, vol. 48, Feb., pp. 163-7. 


The article was written with the aim of showing 
‘how electron microscopy offers a means of obtaining 
more information from atmospheric-corrosion tests 
which can aid in understanding the mechanism of 
corrosion’. 

Twenty corrosion-test panels were prepared by 
plating hot-rolled low-carbon-steel sheet with an 
area of 1 sq. dm. of nickel deposited, to a thickness 
of 50u, from Watts solutions containing various 
addition agents. In assessing the results of the 
microscopical examination, account was taken of 
the effects of solution composition. The micro- 
Structures of the as-plated surfaces were examined 
using an electron microscope and the negative 
collodion replica technique. The test panels were 
then exposed to an industrial atmosphere, and 
their appearance was noted and photographed 
periodically. After three weeks, negative collodion 
replicas were made of four samples considered repre- 
sentative, and their structure was studied by means 
of the electron microscope (the four panels were, 
however, not removed from the exposure rack). 
After one year, all the panels were removed from 
the rack, washed, rinsed, dried and photographed. 


Due to the roughness of the surface structure after 
corrosion, the negative replica technique previously 
employed could not be used, and microstructures 
were therefore examined by means of positive replicas. 


Electronmicrographs illustrating the structure of 
specimens after exposure are included in the paper. 
The nature of the addition agent appeared to exert 
the greatest influence on the tendency of the nickel 
electrodeposits to form deep pores during exposure. 

The microstructure or the brightness of the deposits 
had no significant effect. After exposure, the 
structure of the coatings as revealed by the electron 
microscope consisted of crevices, and after one 
year’s exposure was similar in all the specimens, 
irrespective of the original appearance. It was 
not possible to relate the pitting observed by electron 
microscopy to that seen with the naked eye, but 
it appeared that the growth of the pits was acceler- 
ated by the presence of sulphur (co-deposited or 
in the atmosphere). The investigation is regarded 
as demonstrating the value of electron microscopy 
to the study of corrosion phenomena. 


Nickel Plating of Aluminium and Its Alloys 


G. BACQUIAS: ‘Electroplating of Aluminium and 
Its Alloys.’ 


Galvano, 1960, vol. 29, pp. 719-22. 


In this review the authors discuss the factors 
involved in electrodeposition of satisfactory copper, 
nickel or chromium coatings on aluminium and 
its alloys. 

General pre-plating techniques are outlined, and 
then, in subsequent sections of the article, reference 
is made to the specific solutions and procedures 
employed in chemically plating the aluminium with 
an initial coating of zinc, and electrodepositing 
a final coating of copper, nickel or chromium. 


Deposition of Thick Smooth Ductile Cadmium 
Coatings from Cyanide Solutions containing a 
Nickel Salt 


L. W. OWEN: ‘Electrodeposition of Thick, Smooth, 
Ductile Coatings of Cadmium from Cyanide Baths.’ 
Trans. Inst. Metal Finishing, 1961, vol. 38, Spring, 
pp. 17-21. 


With the aim of discovering some means of ensuring 
the deposition of thick smooth ductile coatings 
of cadmium from a cyanide-type solution, the 
author evaluated the grain-size, surface appearance, 
hardness, ductility and microstructure of coatings 
(approximately 5x 10-* inch thick) deposited from 
solutions containing: triethanolamine; nickel sulphate 
+triethanolamine; nickel sulphate; or Turkey Red 
Oil-+ nickel sulphate. 

The data and the photomicrographs presented lead 
the author to conclude that the addition of triethano- 
lamine to cyanide cadmium solutions containing a 
small amount of a nickel salt retards the development 
of excessive roughness at thicknesses exceeding about 
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5 mils, and, at concentrations less than 40 ml./L., 
is without effect on the hardness and ductility of 
the coating. Under the experimental conditions 
employed, large additions did not seem necessary 
to achieve this result, and as little as 1 ml./L. produced 
an appreciable effect. While ductility and hardness 
of the deposit were not substantially altered, a 
perceptible degree of grain refinement was achieved. 


A suitable solution composition is given as: 


g./L. 
Cadmium oxide 45 
Sodium cyanide 110 
Nickel sulphate 0-25 
Triethanolamine 1-20 ml. 
Cadmium 39 
Free sodium cyanide 41 
Free sodium hydroxide 28 


Turkey Red Oil, which had a similar, but much 
more pronounced influence on surface finish and 
grain-size, resulted in embrittlement. Smooth ductile 
deposits were also obtainable by rapid rotation of 
the cathode in a cyanide solution without additions. 


Electrodeposition of ‘Monel’ 


A. P. VAN PETEGHEM and H. F. DEMEYRE: ‘Electrodeposi- 
tion of ‘Monel’.’ 


Galvano, 1960, vol. 29, Dec., pp. 715-6. 


The plating process described was developed as 
a means of depositing a decorative metallic coating 
on zinc ornamental bas-reliefs. It was found that 
use of a solution of the following composition 
ensured deposition of an adherent corrosion-resistant 
nickel-copper (‘Monel’) coating, which, of silvery 
colour (heightened by an underlayer of copper), 
could be polished to a high finish: 


g./L. 
NiSO,.7H,O 100 
CuSO,.5H.O 6 
C,H,O0;.H,O 100 
KCN 3 


Na,CO,.10H,O to give a pH of 7:5-8 
Current density 0-4 amp./dm.? 
To prevent the formation of HCN, the solution is 
neutralized by addition of soda before introducing 
the potassium cyanide. The anode is of nickel or, 
to prevent the solution’s becoming impoverished in 
copper, of a nickel/copper composite. 
Reference is made to the success achieved, and the 
precautions necessary, in depositing ‘Monel’ on 
copper, iron, steel and copper-plated zinc. 


Deposition of Nickel-Cobalt Alloys from the 
Pyrophosphate Solution 


V. SREE and T. L. R. CHAR: ‘Electrodeposition of 
Nickel-Cobalt Alloys from the Pyrophosphate Bath.’ 


Jnl. Electrochemical Soc., 1961, vol. 108, Jan., 
pp. 64-70. 


Previous investigations by CHAR and his co-workers 
had demonstrated the suitability of the pyrophosphate 
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solution for deposition of nickel (abstract in Nickel 
Bulletin, 1959, vol. 32, No. 8, p. 251) and cobalt 
(Bull. India Sectn., Electrochemical Soc., 1960, vol. 9, 
p. 59). Work on the codeposition of the two 
elements from this type of solution has now been 
completed, and data on the effects of significant 
variables, and on optimum conditions for deposition 
of satisfactory coatings containing 10-91 per cent. 
nickel, are reported in the present paper. 

The efficiency of cast alloy anodes was found to 
be quite high, and the composition of the deposit 
was altered appreciably only by varying the metal 
content of the solution. X-ray examination of the 
deposits revealed the existence of f.c.c. and hexagonal 
structures. The optimum operating conditions estab- 
lished for deposition of alloys containing 69-74 per 
cent. nickel are reproduced below. 





Solution Composition g./L. 


Nickel chloride (NiCl,.6H,O) 71°4 
Cobalt chloride (CoCl,.6H,O) 
Pyrophosphate (P,0,) 


23-8 
174-0 (1:0M) 
Ammonium citrate 20 





Nickel a eu 17-6 (0-3M) 
Cobalt ‘ 5-9 (0-1M) 
pH .. ae as es 9-3 
Temperature vs ee 60°C. 


Sp. resistivity 4-65 ohm/cm.? 


Bath voltage 1-1-2:3 v. 
Agitation .. oe ae nil 
Cathode Pt, Cu. 
Anode, % Ni ae ee 714 
Cathode c.d. 0:35-8:40 amp./dm.? 
Anode, c.d. 0-1-2-1 amp./dm.? 
Cathode efficiency 63-99% 
Cathode potential 0-79-1-24 v. 
Anode potential 0-37-0-76 v. 
Throwing number, N 0-0316 
Deposit— 

Composition, % Ni __.. 69-74 

Time to deposit 0:0005 in., 10 


min. (2-8 amp./dm.?) 














Protection of Molybdenum from High-Temperature 
Oxidation by Nickel/Chromium Electrodeposits 


C. WILLIAMS and R. A. F. HAMMOND: ‘The Resistance 
to Oxidation of Nickel-Chromium Electrodeposits 
on Molybdenum.’ 

Plating, 1961, vol. 48, Jan., pp. 57-66. 


Commercial exploitation of molybdenum’s high 
strength at elevated temperatures is dependent on 
the determination of some means of preventing 
the rapid oxidation to which the metal is subject 



































at temperatures higher than about 1100°F. (595°C.). 
Of the many types of protective coating which are 
being investigated, those applied by electrodeposition 
have been the subject of much research (see, for 
example, paper by REID and OGBURN abstracted in 
Nickel Bulletin, 1960, vol. 33, No. 4, p. 72). These 
investigations have led to the broad conclusion 
that, despite slight variability in performance and 
some unsolved problems, the behaviour of various 
combinations of nickel and chromium coatings is 
sufficiently promising to justify further study. In 
the present paper the authors report the results 
of experiments, the first phase of an investigation 
in progress at the Armament Research and Develop- 
ment Establishment, aimed at (1) the development 
of a preferred coating, (2) its evaluation by oxidation 
tests (involving only limited thermal cycling), and 
(3) obtaining information on the mode of failure and 
the use of sprayed alumina as a top coating. 

Full details are given of the pre-plating procedures 
and plating solutions and conditions used in plating 
cylindrical test pieces of a 0-5 per cent. titanium- 
molybdenum alloy with the nickel and chromium 
coatings studied. As in the case of most of the earlier 
investigations, the proportions of nickel and chromium 
were such as would give (assuming complete diffusion) 
a nickel-chromium alloy of 80/20 composition. 
The first tests, made with 5-mil-thick duplex coatings 
consisting of chromium (1 mil) + nickel (4 mil), 
were followed by experiments with multilayer 
coatings of the same total thickness (the individual 
layers of chromium and nickel were 0-2 and 0°8 
mil thick, respectively). 

Oxidation tests were carried out at 1100°C., and 
a low-velocity air stream was allowed to circulate 
through the furnace. The test pieces were removed 
from the furnace for a short period each working 
day to permit visual examination of the coating, 
a procedure which ensured a limited degree of thermal 
cycling. Specimens were sectioned for microscopical 
examination at the stage of incipient failure or after 
failure. 

On the basis of the data presented, the authors 
conclude that the alloy can be protected from oxid- 
ation for several-hundred hours at 1100°C. by de- 
position of coatings of chromium and nickel to a total 
thickness of 5 mil. Multilayer coatings appeared 
to be slightly superior to duplex coatings of the same 
thickness, and use of chromium as the final deposit 
of the multilayer coating significantly improved the 
life of the alloy. Ultimate failure was highly local- 
ized, and is believed to be associated with two main 
factors: (1) diffusion of molybdenum into the coating, 
(2) local de-lamination of the coating due to stresses 
set up by differential expansion. Both phenomena 
are inherent in the molybdenum/nickel-chromium 
system, and fully satisfactory solutions to these 
problems are not in sight. Nevertheless the four- 
fold increase in oxidation life resulting from the 
presence of a top coating of sprayed alumina is deemed 
to indicate that ameliorative treatments are possible. 
A further important development would, it is con- 
sidered, be the discovery of a suitable diffusion 
barrier for molybdenum. 


The results of the present investigation are regarded 
as promising, but it is emphasized that further tests 
(now in progress) are necessary to ensure that pro- 
tection for similar periods can be conferred on 
specimens of more complex shape under conditions 
of severe thermal cycling. 


Measurement of Cathode Overpotential during 
Electrodeposition 


J. K. PRALL and L. L. SHREIR: ‘An Improved Technique 
for Measuring Cathode Overpotential During Electro- 
deposition.’ 

Trans. Inst. Metal Finishing, 1961, vol. 38, Spring, 
pp. 9-16. 


The determination of the activation-overpotential/ 
current-density relationship (ya—i) during the 
electrodeposition of metals is subject to errors 
due to the changing surface topography of the sub- 
strate (the true current density varying continuously 
as electrodeposition proceeds). The technique de- 
scribed in this paper, developed to overcome this 
difficulty, involves the use of a platinum cathode which, 
in the present case, was coated with a very thin deposit 
of copper prior to each determination of yn, at con- 
stant i. Removal of the deposit is effected anodically 
and automatically terminated before oxygen gas can 
be evolved, a procedure which avoids the possibility 
of gas bubbles adhering to the platinum and causing 
errors in the subsequent plating stage. Although 
the studies have been so far confined to copper, the 
method is considered of general applicability. 


Magnetic Method of Detecting Corrosion Currents 


F. OGBURN and W. H. ROBERTS: “The Nature, Cause 
and Effect of the Porosity in Electrodeposits. VI. Note 
on a Magnetic Method of Detecting Corrosion 
Currents.’ 

Plating, 1961, vol. 48, Feb., pp. 168-9. 


The technique described is based on the finding 
that the corrosion currents of a galvanic cell can be 
detected by observing the motion of the electrolyte 
in a magnetic field. The galvanic cell is placed 
in the magnetic field and interaction of the moving 
electric charges with the magnetic field results in 
motion of the electrolyte. 

The technique, which is illustrated by a description 
of the procedure used to detect corrosion currents 
associated with a rust-spotted: nickel-plated steel 
panel immersed in a dilute solution of sulphuric 
acid, is stated to be particularly applicable to the 
radial flow currents associated with pitting corrosion 
and with corrosion at pores or pits in plated coatings. 


Calorimetric Determination of the Thickness of 
Metal Coatings 


G. KRUJL and J. L. MELSE: ‘Calorimetric Determination 
of Metal Coating Thicknesses on Small Objects.’ 
Trans. Inst. Metal Finishing, 1961, vol. 38, Spring, 
pp. 22-6. 


The authors’ search for a rapid, simple, fairly 
accurate method of determining the average thickness 
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of metallic coatings deposited on small mass- 
produced articles culminated in the development of 
the calorimetric technique which forms the subject 
of the present paper. 

The technique is based on the fact that the amount 
of heat evolved during the dissolution of a metal 
in a specific solvent is directly proportional to the 
weight of the metal dissolved. Dissolution of the 
deposit on a plated component produces, for a con- 
stant surface, a quantity of heat which is proportional 
to the average coating thickness, and measurement 
of the heat generated thus provided the authors 
with a method of determining the thickness of the 
deposit. The measurement is carried out using a 
simplified calorimeter, and the relationship between 
heat generated and coating thickness having been 
determined for a given product, further measure- 
ments can be carried out rapidly and easily. 

The apparatus used, and measurement techniques 
established, are fully described in the paper, and, 
in illustration of the principles underlying the calori- 
metric method, and the procedures involved in their 
application, the authors refer to data and experience 
derived in measuring the thickness of nickel on 
stainless steel, that of zinc and cadmium on steel, 
and that of silver on phosphor bronze. 


Determination of the Thickness of Silver Deposited 
on Nickel 


P. B. MATHUR and N. KARUPPANAN: ‘Measurement 
of the Thickness of Electroplates by Electrolytic- 
Stripping Method: Stripping Solutions for Silver 
Over Copper, Brass, Mild Steel and Nickel.’ 
Plating, 1961, vol. 48, Feb., pp. 170-2. 


In a previous paper, MATHUR gave details of a simple 
instrument which permits determination of the 
thickness of various metal deposits by the electro- 
lytic-stripping method (see abstract in Nickel Bulletin, 
1961, vol. 34, No. 2, p. 30). In the present paper, 
the authors outline the procedures and stripping 
solutions used in determining the thickness of silver 
coatings electrodeposited on copper, brass, mild 
steel or nickel. 





NON-FERROUS ALLOYS 


Magnetostriction and Crystal Anisotropy of 
Nickel-Chromium and Nickel-Vanadium Alloys 


T. WAKIYAMA and S. CHIKAZUMI: ‘Magnetostriction 
and Crystal Anisotropy of Nickel-Chromium and 
Nickel-Vanadium Alloys.’ 

Jnl. Physical Soc. Japan, 1960, vol. 
pp. 1975-81. 


In the study reported the authors measured (using 
the strain-gauge method) the magnetostriction 
constants A199 and A,,,; of nickel-chromium (chromium 
0-4-08 at. per cent.) and nickel-vanadium (vanadium 
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1-28-3-93 at. per cent.) alloys at room and liquid- 
nitrogen temperatures. 

Both constants were found to be negative, and 
their magnitudes decreased monotonically with 
increase in chromium or vanadium concentration. 
Magnetocrystalline anisotropy constants were also 
measured at the same temperatures, and the data 
obtained show the concentration dependence of 
the anisotropy constants to be more drastic than 
that of the magnetostriction constants. 

The present data, together with other data available 
on nickel binary alloys, are analyzed on the basis 
of Neel’s theory, and the coefficients of dipole- 
dipole and quadrupole-quadrupole interactions of 
atom pairs in nickel alloys are estimated. The 
dipole-dipole interactions of Ni-M (where M=V, 
Cr, Mn, Fe, Co, Ni and Cu) atom pairs are con- 
sidered fairly well explained under the assumption 
of the spin-orbit interaction. 


Electrodeposition of ‘Monel’ 
See abstract on p. 90. 


Solubility of Nitrogen in Liquid 
Nickel-Chromium Alloys 


See abstract on p. 92. 


Nickel-Aluminium Bronze: 

Relationship Between Aluminium Content, 
Microstructure, Mechanical Properties and 
Weldability 


M. L. FOSTER and S. GOLDSPIEL: ‘Weldable As-Cast 
Nickel-Aluminium Bronze: Composition and Micro- 
structure.’ 

Modern Castings, 1961, vol. 39, Feb., pp. 72-92. 


Under optimum conditions, castings in nickel- 
aluminium bronze combine high-strength and 
ductility with excellent corrosion-resistance, and the 
material is one of the most promising of the various 
types of alloy under consideration for propeller 
castings. To date, nickel-aluminium-bronze pro- 
pellers as large as 50 tons have been cast for com- 
mercial use, and some have been employed success- 
fully by the U.S. Navy in ships operating under 
severe marine conditions (such as in Arctic waters). 
The alloy is lighter than the high-tensile brasses, 
and enables considerable savings to be made in fuel 
consumption, reduces wear and tear on main pro- 
peller shafts and permits the use of thinner sections. 
Its resistance to corrosion ensures that the smoothness 
of the propeller surface is retained for a longer time, 
thereby increasing propeller efficiency and reducing 
maintenance costs. In view, however, of reports 
that the fabrication characteristics of the alloy 
(particularly bending and welding properties) often 
present difficulties, the investigation now described 
was initiated ‘to study compositions and structures 























of castings of this material which, with due allowance 
for mass effects, will yield consistently fabricable 
material, including good castability, bendability 
and weldability’. 


To provide a background to the main test pro- 
gramme, the authors outline, in the initial section 
of the paper, the results of the literature survey and 
exploratory experiments which revealed the following 
trends: 

(1) Impurity content (Pb, Si, Sn, etc.) may adversely 
affect weldability, but is not the sole factor 
involved. 

(2) Microstructure is an important factor in relation 
to weldability. 

(3) A ‘weldable’ microstructure is dependent on a 
critical composition range. 


In the main test programme the relationship between 
aluminium content, mechanical properties, micro- 
structure and weldability was studied in relation to 
specimens taken from two conventional keel blocks 
and two wedges. The keel blocks provided tensile 
and metallographic specimens. One of the wedges 
furnished specimens for surface weld-bead tests and 
Charpy V-notch tests; the other was used for groove- 
weld tests designed to evaluate the influence of mass 
effect and to simulate the welding restraints encount- 
ered during actual propeller repairs. 


In the seven heats of alloy used in the investigation 
the aluminium content was varied in the range 
6-12 per cent.; the remaining constituents were 
maintained constant at the following nominal 
contents: nickel 5, iron 4, manganese 0-5, per cent., 
copper remainder. 

The results of the test programme are presented 
in detail, and the paper includes numerous photo- 
micrographs. Evaluation of these data leads the 
authors to conclusions which they summarize as 
follows: 


‘(1) The general effect of an increase in aluminium 
content is to increase strength and hardness and 
decrease the ductility and toughness. 

‘(2) Increasing aluminium content results in a change 
in microstructure from that consisting primarily 
of alpha plus kappa to structures containing alpha 
plus kappa (eutectoid), beta and delta. 

‘3) An aluminium content of approximately 9 
to 11 per cent. imparts good hot-ductility properties 
necessary for welding. Between 8 and 9 per cent. 
aluminium, there is a transition where enough beta 
is formed for successful welding. 

‘(4) The optimum composition, taking into account 
weldability, strength, ductility and toughness, appears 
to be at about 9-5 per cent. aluminium when the 
nickel, iron and manganese were held at 5, 4 and 
0-5 per cent., respectively. 

‘(5) Elements such as silicon and lead appear to 
have no effect on the weldability characteristics of 
the optimum composition in amounts up to 0-18 
and 0-10 per cent. respectively. 

‘(6) Microstructures can be used as an index to 
approximate the aluminium content and, hence, 
the relative weldability. 


‘(7) Room-temperature ductility is a fair index 
of toughness properties of the alloy. 

(8) At high aluminium-content levels, where 
retained beta is prevalent, an increase in hardness 
is accompanied by a loss in toughness and ductility. 

‘9) Variations in aluminium content of the basic 
composition in the approximate range of 8-5 to 
10 per cent. results in virtually no effect on Charpy 
V-notch properties. 

‘(10) For the section sizes [4-34-in. (1 -25-8-75-cm.) 
thickness] and temperatures of test (0°-180°F.: 
— 18° to +85°C.) studied, Charpy V-notch properties 
show no significant variations.’ 


Corrosion Behaviour of Non-Ferrous 
Materials in Sea Water 


See abstract on p. 108. 


Alloys for Temperature Compensation of Electrical 
Instruments 


See abstract on p. 94. 


‘Thermo-Kanthal’: Thermocouple Alloy with 
Improved Resistance to Oxidation 


See abstract on p. 103. 


Determination of Copper, Lead, Iron, Aluminium 
and Nickel in Copper Alloys: British Standard 


See abstract on p. 85. 





NICKEL-IRON ALLOYS 


Influence of Hydrostatic Pressure on the Curie 
Temperature of Iron-Nickel Alloys 


T. KANEKO: ‘The Change of the Curie Temperature 
of Iron-Nickel Alloys due to Hydrostatic Pressure.’ 
Jnl. Physical Soc. Japan, 1960, vol. 15, Dec., 
pp. 2247-51. 


The disagreement between the findings of previous 
workers on the influence of hydrostatic pressure 
on the Curie temperature of iron-nickel alloys 
prompted the author to study this effect in relation 
to two iron-nickel alloys (containing 30 and 32 at. 
per cent. nickel, respectively). 

Hydrostatic pressure was exerted by means of an 
apparatus of Bridgeman’s type, and measurements 
of magnetization were made by the ballistic method. 

The change in the Curie temperature due to 
pressure was estimated to be -—3-10-* and 
—2.7-10-3 deg. kg.-'cm.? for the 30 per cent. and 32 
per cent. nickel specimens, respectively. Based on 
Smoluchowski’s formula, the volume dependence of 
saturation magnetization at absolute zero 1/Io.)/o/d, 
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and that of the molecular field coefficient 1/N.).N/dw, 
were found to be 27 and —16 for a 30 per cent. 
nickel alloy. 


Magnetic Contributions to the High-Field Elastic 
Constant of an Iron-Nickel Alloy 


See abstract on p. 82. 


Ductile Permanent-Magnet Materials 


G. Ww. EASTWOOD: ‘Ductile Permanent-Magnet 
Materials.’ 

Post Office Electrical Engineers’ Jnl., 1961, vol. 53, 
Jan., pp. 262-4. 


Soft magnetic materials used for transformers and 
relays are mechanically soft enough to be easily 
drilled, punched and bent; permanent-magnet 
materials are usually so hard that they can be worked 
only by grinding. The correlation between magnetic 
and mechanical hardness is not, however, absolute, 
and there are considerable variations in degree. In 
particular, certain precipitation-hardening alloys are 
soft enough to be mechanically worked although their 
magnetic properties are comparable with those of 
the isotropic diffusion-hardening alloys. 

An important alloy of this type (containing 
about 20 per cent. iron, 20 per cent. nickel and 
60 per cent. copper) is known as ‘Cunife’ in the 
U.S.A. and as ‘Magnetoflex 20’ in Germany. 
In the age-hardened condition the alloy is found to 
be very hard magnetically but still relatively soft 
mechanically, and can be rolled, drilled, punched 
and bent. 

In this article the author describes the production 
of ‘Cunife’ and other ductile alloys, tabulates data 
typifying properties, and refers to the applications 
which such permanent-magnet alloys are finding 
(in particular, as a durable recording medium, as 
the indicating needles in a pulse-counting circuit 
developed by the Atomic Energy Research Estab- 
lishment, and for production of small magnetic 
parts stamped from strip or bent from wire). 


Alloys for Temperature Compensation of Electrical 
Instruments 


C. A. CLARK: ‘Alloys for Temperature Compensation 
of Electrical Instruments.’ 


Instrument Practice, 1961, vol. 15, Jan., pp. 56-61. 


The materials most often used for magnetic com- 
pensation are of iron-nickel or nickel-copper base. 
A 70-30 iron-nickel-base alloy is usually preferred, 
since it possesses a larger range of compensation, 
typically about 120C.° (compared with about 60C.° 
for 70-30 nickel-copper alloys). A purely austenitic 
70-30 iron-nickel alloy would undergo transform- 
ation to martensite on cooling below about —15°C., 
so that any instrument in which it is incorporated 
would no longer be correctly compensated. The 
commercial iron-nickel compensation alloy therefore 
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contains small amounts of other elements, usually 
carbon, added to depress the temperature at which 
transformation to martensite begins. In practice, 
due to partial decarburization during melting and 
processing, or to partial oxidation of other elements 
such as manganese and silicon, the transformation 
behaviour is often uncertain. Inadequate control 
of composition also makes it impossible to predict 
magnetic properties from the nominal composition 
of iron-nickel-base alloys, and although the nickel- 
copper alloys are not subject to structural changes, 
their magnetic properties usually vary from batch 
to batch of material. 

In order to elucidate the factors affecting magnetic 
properties and temperature of transformation 
to martensite, a study was made of a large number 
of alloys varying in composition and subjected to 
different heat-treatments. The alloys, of 70-30 
iron-nickel base, contained varying amounts of 
carbon, carbon + manganese + silicon, copper + 
molybdenum, carbon + manganese, or carbon + 
molybdenum. Since it is known that manganese 
raises the saturation induction, and depresses the 
Curie temperature, of nickel, it was considered 
likely that similar behaviour could be expected when 
the element is added to nickel-copper alloys. Several 
nickel-copper-manganese alloys therefore were also 
studied to observe whether any increase in compens- 
ation range could be obtained in this way. 

To determine the production method associated with 
maximum reproducibility of properties, the alloys 
were produced by: conventional air melting, melting 
in vacuo or under argon atmosphere, and sintering 
of compacted powders. 

The results of a statistical analysis of the properties 
of the alloys studied are presented in the main 
section of the paper, and recommendations are 
made regarding the most suitable type of alloy 
for magnetic shunts. 

The author’s conclusions are quoted below: 

‘An equation is derived for the upper limit of 
compensation, as a function of composition, for 
70-30 iron-nickel-base alloys. From the magni- 
tudes of the coefficients in this equation, it is deduced 
that air melting does not provide a satisfactory 
method of production unless there is routine testing 
of properties on processed material, followed by 
heat selection. It is also considered that, as far 
as possible, carbon and silicon should be excluded 
from the alloys, since the amount of these elements 
in solid solution is difficult to control during process- 
ing and heat-treatment. It is therefore recommended 
that the alloys should be produced by powder metal- 
lurgy, and, in addition, that the iron content should 
not exceed 66 per cent. by weight, in order to main- 
tain low-temperature stability. Good reproducibility 
of properties has been obtained also by vacuum 
melting; compensation alloys could be produced 
on a commercial basis by this method. 

‘It is also shown that alloys of the approximate 
composition copper 13 per cent., manganese 10 per 
cent., balance nickel, possess a wider range of com- 
pensation than the binary 70-30 nickel-copper alloy 
which has been employed as a compensating material. 











The magnetic properties of the nickel-copper- 
manganese alloys are less dependent on minor 
variations of compensation, but possess a smaller 
range of compensation than the 70-30 iron-nickel- 
base type. 

‘Finally, it should be noted that an alloy of composi- 
tion 29:8 per cent. nickel, 1-4 per cent. copper, 
3-0 per cent. molybdenum, balance iron, produced 
by powder metallurgy, has been tested by two 
instrument manufacturers and shown to give satis- 
factory temperature compensation in the temper- 
ature range —40° to + 80°C.’ 


Rapid Determination of Nickel in Ferrous and 
Ferromagnetic Materials 


See abstract on p. 86. 





CAST IRON 


Influence of Tin on the Mechanical Properties of 
Pearlitic Spheroidal-Graphite Iron 


J. C. PRYTHERCH and G. N. J. GILBERT: ‘Effect of 
Tin on the Mechanical Properties of Pearlitic Nodular 
Iron.’ 

Foundry Trade Jnl., 1961, vol. 110, Feb., pp. 197-206. 


In both grey and nodular cast irons, tin is a strong 
pearlite promoter, and additions of 0-1 per cent. 
will completely suppress the formation of free 
ferrite without any risk of producing free cementite. 
The change in mechanical properties resulting from 
addition of tin to an iron with some free ferrite 
will, therefore, be dependent on both the tin in 
solution in the iron, and the structural changes 
produced by tin. In the work now reported, the 
influence of tin additions has been studied in relation 
to a number of S.G. irons which were almost com- 
pletely pearlitic without any tin addition: the 
observed changes in mechanical properties are, 
therefore, associated with tin in solution rather than 
with structural changes. 

Additions of up to 0-25 per cent. tin were made 
to a series of nickel-containing irons containing 
different amounts of silicon, and the effects on tensile 
and impact properties of the irons in both the as-cast 
and normalized conditions were determined. 

On the basis of the data presented it is concluded 
that ‘small amounts of tin in nodular cast iron 
suppress the formation of free ferrite without pro- 
ducing massive cementite. Tin also increased the 
perfection of the graphite nodules. Tin additions 
progressively increase the hardness and proof stress 
of irons of all silicon levels, but the effect of tin 
on the tensile strength is related to the ductile-to- 
brittle transition temperature and the toughness 
developed under impact conditions. From the 
mechanical-test data, it can be concluded that high 
silicon and tin contents together may be undesirable 


for certain applications. The normalizing treatments 
resulted in an increase in toughness, and an iron 
embrittled by tin in the as-cast condition may have 
normal tensile strength after normalizing. From 
the range of irons tested, it appears that embrittle- 
ment in the tensile test will not be present, after 
normalizing, in irons containing up to 0:1 per cent. 
tin. This is important, because this amount of 
tin is sufficient to give a fully pearlitic structure in 
irons which otherwise might contain free ferrite, and, 
therefore, the addition of up to 0-1 per cent. tin, 
either intentionally or as a trace element in the raw 
material, will not have undesirable side effects. 
The beneficial effect of normalizing is probably 
associated with homogenization of the structure 
which occurs during heat-treatment.’ 





CONSTRUCTIONAL STEELS 


Solubility of Nitrogen in Liquid-Iron Alloys 
See abstract on p. 83. 


Microstructures and Properties of Cast Heat-Treated 
Manganese-Nickel-Chromium-Molybdenum Steel 


J. TURTON and B. H. C. WATERS: ‘Microstructures 
and Notes on Manganese - Nickel - Chromium - 
Molybdenum Steel Heat-Treated to B.S. 3100: 
1957: 1458 and 1459.’ 

Brit. Foundryman, 1961, vol. 54, Feb., pp. 60-6. 


This note is one of a series intended to supplement 

the information available in the book, ‘Typical 
Microstructures of Cast’ Metals’, published by the 
Institute of British Foundrymen, 1957. It draws 
attention to the range of properties and microstruc- 
tures obtainable (as compared with the average 
data set out in the book) in manganese-nickel- 
chromium-molybdenum steel produced in con- 
formity with B.S. 3100: 1957: 1458 and 1459. 


Steel Sheet for Use in Welded Low-Temperature 
Plant 


F. W. STRASSBURG: ‘Sheet from Steels Suitable for 
Use in the Construction of Welded Low-Temperature 
Plant.’ 

Bander Bleche Rohre, 1960, Nov., pp. 115-22. 


The advantages of storing and transporting such 
elements as oxygen, methane and helium in liquid 
form have focused attention on materials exhibiting 
the low-temperature properties necessary for use in 
plant handling liquid gases. 

In this paper the author first draws attention to 
the properties which render a material suitable for 
low-temperature service (in particular, weldability 
and adequate ductility and notch impact strength 
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at the operational temperature), and then discusses 
the salient characteristics of the three groups of steel 
available for such service (unalloyed aluminium- 
killed fine-grained steel down to —80°C.; nickel- 
alloy steels (1-5-9 per cent. nickel) down to —200°C.; 
chromium-nickel austenitic steels down to absolute 
zero). 

In subsequent sections, consideration is given to 
the variables of significance in relation to notch 
impact strength (e.g., type of test specimen, heat- 
treatment, structure), and finally the factors involved, 
and the procedures used, in welding the three grades 
of low-temperature steel are reviewed, and data 
are tabulated in illustration of the properties obtain- 
able in the welds produced. 


Steels for Low-Temperature Service 


E. KRAINER and K. POSCH: ‘Steels for Low-Temper- 
ature Service.’ 

Berg- und _ Hiittenmdannische Monatshefte, 
vol. 105, Nov., pp. 268-79; disc., pp. 279-80. 


In this paper the authors review the mechanical 
properties of steels used for low-temperature applic- 
ations. The data evaluated, derived both from the 
literature and from the authors’ own determinations, 
and relating mainly to tensile and impact properties, 
cover the following types of steel: plain-carbon 
steels, low-alloy nickel-chromium, nickel-chromium- 
molybdenum and chromium-molybdenum § steels, 
2 per cent., 3 per cent., 4-5 per cent. and 9 per cent. 
nickel steels, and chromium-nickel, chromium-nickel- 
manganese, manganese-chromium and manganese- 
chromium-nickel austenitic steels. 


1960, 


Hot-Cracking in High-Strength-Steel Weld Metals 


H. W. MISHLER, R. E. MONROE and P. J. RIEPPEL: 
‘Studies of Hot Cracking in High-Strength Weld 
Metals.’ 

Welding Jnl., 1961, vol. 40, Jan., pp. 1s-7s. 


In the quest for materials of high strength/weight 
ratio suitable for aeronautical structural applications 
the ultra-high-strength steels have been the subject 
of much study. The use of these materials has been 
hampered by welding problems (satisfactory weld- 
ability is a prerequisite for aeronautical applications), 
the most important of which is the hot-cracking 
which occurs in the weld metal as it cools just below 
the solidus temperature. Previous studies of A.I.S.I. 
4340 nickel-chromium-molybdenum-steel weld metals 
have revealed that a combination of high sulphur 
and phosphorus contents, even though within existing 
specification limits, greatly reduces the freezing- 
cycle hot-tensile strength and ductility. This de- 
crease in strength properties at temperatures just 
below the solidus was related to the weld metal’s 
poor resistance to hot cracking. 

In the study reported by the authors, freezing- 
cycle hot-tension tests were carried out with the aim 
of (1) obtaining data to establish a maximum limit 
for phosphorus content, (2) determining a similar 
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limit for sulphur, and (3) throwing light on the com- 
bined effect of sulphur and phosphorus. 

The maximum phosphorus content compatible with 
maintenance of satisfactory freezing-cycle hot- 
tensile properties appeared to be in the range 0-017- 
0-02 per cent. (this limit was established in the pres- 
ence of 0-005 per cent. sulphur). The limit for 
sulphur, determined at a phosphorus content of 
0-01 per cent., was about the same as that for phos- 
phorus, but it is considered possible that the sulphur 
limit would be higher if the phosphorus could have 
been maintained at a lower level. 

The combined effects of the two elements appeared 
to be roughly additive below a total content of 
0-025 per cent., and if the total sulphur and phos- 
phorus contents of A.I.S.I. 4340 steel are kept 
below this percentage, good hot ductility and hot 
strength are obtained (and good hot-tensile properties 
might be expected to coincide with good resistance 
to hot-cracking). 

In previous investigations metallographic studies 
disclosed the existence of an intergranular phase of 
unknown composition in a high-phosphorus A.1.S.I. 
4340 steel. This unknown phase has now been 
identified, by light- and electron-microscopical ex- 
amination, as an iron/iron-phosphide (Fe;P) eutectic. 
The identification of the phase appears to support 
the assumption that A.I.S.I. 4340 steels with a high 
phosphorus content contain an intergranular eutectic 
film. The iron/iron-phosphide eutectic phase is 
segregated along grain boundaries, and since it 
freezes at a very low temperature, the hot strength 
and ductility of steel containing an appreciable amount 
of the eutectic would be lowered. 


Rapid Determination of Nickel in Ferrous and 
Ferromagnetic Materials 


See abstract on p. 86. 





HEAT- AND CORROSION- 
RESISTING MATERIALS 


Nickel and High-Nickel Alloys: Literature Review 


A. J. MARRON: ‘Nickel and High-Nickel Alloys.’ 


Industrial and Engineering Chemistry, 1960, vol. 52, 
Nov., pp. 943-6. 


The review (based on 65 items of significant liter- 
ature published since the previous year’s survey) 
is in five sections, covering, respectively: corrosion- 
resistance and applications in the chemical and process 
industries; advances in fabrication, welding and 
brazing; electronic applications and relevant pro- 
perties; the production and properties of electro- 
deposited and chemically deposited coatings and 
of coatings applied by other techniques; mechanical 
properties and corrosion-resistance at high temper- 
atures. 
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Stainless Steels: Literature Review 


w. A. LUCE and J. H. PEACOCK: ‘Stainless Steels and 
Other Ferrous Alloys.’ 

Industrial and Engineering Chemistry, 1960, vol. 52, 
Oct., pp. 881-5. 


As in earlier reviews, the article is based on the 
significant literature which has appeared since the 
previous year’s survey (the bibliography comprises 
56 items). 

The review is in seven sections, covering, respect- 
ively: general surveys of developments in, and the 
properties and applications of, stainless steels; 
items relating to stress corrosion, intergranular 
corrosion and the commercial potentialities of 
cathodic protection; mechanical properties and 
structural studies; high-temperature characteristics 
and applications of stainless steels; advances in 
welding technology; advances in manufacture, metal 
working and surface treatment; and developments 
in miscellaneous iron-base materials. 


Solubility of Nitrogen in Liquid 
Iron-Nickel, Nickel-Chromium and 
Iron-Chromium-Nickel Alloys 


See abstract on p. 83. 


Solubility of Nitrogen in Liquid-Iron Alloys 
See abstract on p. 83. 


Investment Casting of Nickel-base Alloys 
under Vacuum Conditions 


D. F. B. TEDDS: ‘Investment Casting Nickel-base 
Alloys under Vacuum Conditions.’ 


Brit. Foundryman, 1961, vol. 54, Jan., pp. 33-9. 


The demand for turbine-blading alloys capable 
of operating at the higher temperatures associated 
with improvements in the thermal efficiency and 
specific power of the gas turbine has induced the 
metallurgist to increase the high-temperature strength 
of the alloys by increasing the contents of the pre- 
cipitation-hardening elements (particularly alum- 
inium). This greater strength is attained, however, 
at the expense of hot workability which, being 
considerably impaired, makes casting the only 
feasible means of production. The main difficulty 
when casting the nickel-chromium-aluminium-titan- 
ium high-temperature alloys by the conventional 
indirect-arc furnace is that involved in avoiding the 
entrapment of non-metallic inclusions of films 
of chromium, titanium and aluminium oxides within, 
or on the surface of, the casting. In determining 
satisfactory preventive measures, the only positive 
results have been obtained by application of vacuum- 
melting and -casting techniques, techniques which, 
as the author shows in the present review, when 
allied to the investment-casting process, produce 
castings of the consistently high quality required for 
aeronautical turbine engines. 


After a brief review of the development of nickel- 
base age-hardenable alloys, and a comparison of 
the properties obtainable in wrought and cast grades, 
the author introduces his review of the factors, 
equipment and procedures involved in vacuum- 
investment casting nickel-base alloys with a section 
on mould preparation. The types of furnace used 
(vacuum-induction and vacuum-arc), and _ typical 
melting and casting sequences, form the subjects 
of the main sections of the review, and the paper 
ends with a discussion of inspection standards. 
Considerable importance is attached to the necessity 
for adequate maintenance of furnace equipment and 
the compiling of suitable work sheets to ensure that 
a given heat is to the necessary standard. The dimen- 
sional tolerances which must be consistently ad- 
hered to are exemplified in relation to the require- 
ments of a turbine rotor blade. 

In conclusion, the author comments that the most 
important metallurgical justification for casting 
nickel-base high-temperature alloys in vacuo is 
that it, of all known melting methods, provides 
the greatest degree of control over chemical com- 
position and ensures the production of castings 
of consistent quality: it is therefore economically 
advantageous when applied to alloys produced 
to rigid specifications. 


Dispersion Strengthening of Metals and Alloys 


R. F. BUNSHAH and C. G. GOETZEL: ‘A Survey of 
Dispersion Strengthening of Metals and Alloys.’ 
Wright Air Development Center, Tech. Report 59-414, 
Mar. 1960; 246 pp. 


The object of the report is ‘to set down the struc- 
tural and other variables which govern the properties 
and stability of dispersion-strengthened alloys and 
to analyze the past work in terms of these variables, 
and the theories and mechanisms which have been 
advanced. It is hoped.thereby that a picture will 
emerge which will indicate the reasons for success 
or failure of these alloys and possible paths for 
future efforts.’ A  dispersion-strengthened alloy 
is defined as ‘one in which a discontinuous second 
or minority phase is randomly dispersed in a matrix, 
thereby strengthening the alloy’: precipitation- 
hardenable alloys are, however, discussed only where 
the particular information available is generally 
pertinent. 

In the introductory section of the report the authors 
refer to the work which over the years led to the 
development of dispersion-strengthened alloys, and 
outline the advantages offered by such materials. 
Consideration of production techniques (gas/solid 
reactions; liquid/liquid reactions; liquid/solid re- 
actions; gas/liquid reactions; solid-state transform- 
ations) is followed by a discussion of the variables 
influencing the mechanical properties and stability 
of dispersion-strengthened materials, and by a section 
in which theories and mechanisms advanced in 
explanation of dispersion strengthening are discussed 
and correlated with experimental data. 

In the final section of the report, the authors summar- 
ize the findings of their review of data available 
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on: (1) the influence of particle size, interparticle 
spacing and volume fraction of the dispersed phase; 

(2) the influence of particle morphology; (3) the 
influence of the hardness or strength of the dis- 
persed phase; (4) the contribution of stored energy 
to strength; (5) the influence of coherency between 
particle and matrix; (6) the influence of interfacial 
energy between particle and matrix; (7) relief of 
strain hardening; (8) multiple-strengthening mechan- 
isms; (9) factors governing the stability of dispersion- 
strengthened alloys. Reference is made to data on 
various alloy systems, including nickel-containing. 

In the course of the survey, visits were paid to various 
research organizations in which work on dispersion 
strengthening was in progress. The scope of the 
research programme under way or projected by 
each of these organizations is outlined in an appendix 
to the report (pp. 102-23). 

A second appendix comprises an ‘Annotated Biblio- 
graphy on Dispersion Strengthening’, covering 281 
items of literature published over the period 1912 
to 1959 (pp. 124-246). The references are arranged 
in order of year of publication (and, within this 
grouping, in alphabetical order). An author index 
is provided, and in a subject index the items are 
classified according to: matrix material; dispersed 
phase; dispersion technique; method of evaluation; 
aim of the investigation and the variables covered; 
theories and models; reviews. 

The results of the survey are regarded as demon- 
strating the ability of dispersion-strengthened alloys 
to exhibit outstanding elevated-temperature pro- 
perties under appropriate structural conditions: 
e.g., when the interparticle spacing is in the range 
0-01-0-lu, the dispersed phase is of high hardness 
and the interfacial energy between matrix and 
dispersed phase is low (other contributory factors are 
stored energy, coherency strains and matrix strength- 
ening by solid solution). It is emphasized that there 
is no general prescription for the attainment of high 
strength, since the predominant strengthening mech- 
anism or variable depends on the temperature and 
duration of test or service. Stability at service 
temperatures is enhanced when the thermodynamic 
free energy of formation of the dispersed phase is 
high, its solubility is low or negligible, and the 
diffusivity of the components of the dispersed phase 
in the matrix is low. 


Mechanism of Hardening in ‘17-7 P.H.’ 


E. E. UNDERWOOD, A. E. AUSTIN, R. E. MARINGER and 
G. K. MANNING: ‘The Mechanism of Hardening in 
“17-7 P.H.’ Stainless Steel.’ 

Wright Air Development Division, Tech. Report 60-236, 
June 1960; 47 pp. 


Introducing their report, the authors refer to the 
fact that not all the so-called precipitation-hardening 
stainless steels are hardened by precipitation: 
some are hardened by cold work or formation 
of martensite, and it is not even certain that 
a precipitation process occurs in the steels that 
are commonly regarded as precipitation-hardenable. 
Little information is available on the hardening mech- 
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anism in ‘17-7 P.H.’ steel, and, although hardening 
is generally thought to be due to an ordered nickel- 
aluminium compound, the details are unknown 

(mainly because the microstructure is complex 
and the precipitate cannot be detected or identified 
by microscopy or X-ray techniques). The investig- 
ation now reported was concerned with the basic 
mechanism of hardening in ‘17-7 P.H.’ 

To eliminate extraneous effects, emphasize the 
important microstructural details, and provide the 
maximum opportunity for detection of ordering 
or precipitation processes, a large single crystal 
of Fe-17Cr-7Ni-2Al was grown, which facilitated 
X-ray and neutron-diffraction studies and provided 
a subject for unambiguous straightforward electron- 
microscope pictures. The results presented were 
derived primarily from studies of the single crystal, 
but the age-hardening characteristics of ‘17-7 P.H.’ 
sheet specimens were also investigated. 

From the ageing curves determined, and the results 
of the optical- and electron-microscopical studies, 
the X-ray and neutron-diffraction investigations 
and the internal-friction and electrical-resistivity 
measurements carried out, the authors suggest that 
profuse precipitation of needle-shaped particles is 
responsible for maintaining the high hardness level 
in the aged crystals. Ordering was not detected by 
X-ray diffraction in severely quenched single crystals 
in which precipitation was suppressed, but aged 
crystals exhibited superlattice reflections from chrom- 
ium and nickel on the b.c.c. lattice, suggesting that 
the particles are ordered. 

Neutron-diffraction data indicate that the precipitate 
has an ordered b.c.c. structure, with iron on one 
sublattice, and chromium, nickel and aluminium 
distributed on the other sub-lattice. The profuse 
precipitation, plus the additional strengthening of 
the particles obtained by ordering, may well, it 
is considered, account for the hardening observed 
in commercial ‘17-7 P.H.”’ steels. 


Influence of Heat-Treatment on the High-Temperature 
Properties of ‘Inconel X’ Sheet 


F. W. SCHMIDT, J. FARQUHAR and I. M. KURG: ‘Effects 
of Various Ageing Heat-Treatments and Solution- 
Annealing and Ageing Heat-Treatments on Tensile, 
Creep, and Stress-Rupture Strengths of ‘Inconel X’ 
Sheet to Temperatures of 1400°F.’ 

Nat. Aeronautics and Space Administration, Tech. 
Note D-374, June 1960; 32 pp. 


High-temperature alloys, such as ‘Inconel X’, are 
finding increasing use, in the form of sheet, as materials 
for structural applications in high-speed aircraft 
and missiles. Although considerable data are 
available on the elevated-temperature properties of, 
and the influence of heat-treatment on, ‘Inconel X’ 
in bar form, corresponding data on the same alloy 
in sheet form are relatively sparse. The investig- 
ation reported by the authors was therefore initiated 
with the aim of obtaining information on the in- 
fluence of the various heat-treatments on the tensile 
and creep properties of ‘Inconel X’ sheet. 





Heat-Treatments and Hardness Measurements for ‘Inconel X’ Sheet 
(See abstract on p. 98) 











: . Hardness 
Condition Solution Treatment Ageing Treatment ot Ronen 
Temperature, 
Rockwell 
Time, Temperature | Cooling Time, Temperature | Cooling 15 N Scale 
hours Hour 
Aged .. —- _ —-- 20 1300°F Air 78-6 
(705°C.) 
Aged .. — — — 4 1400°F Air 78-1 
(760°C.) 
Aged .. — — — 1 1400°F Air 76:9 
(760°C.) 
Solution- 3 2100°F. Air 24 1550°F Air 
annealed (1150°C.) (840°C.) 76°6 
and aged 20 1300°F Air 
(705°C.) 
Solution- 24 1550°F Air 
annealed 2 2100°F. Air (840°C.) 76:2 
and aged (1150°C.) 20 1300°F Air 
(705°C.) } 
Solution- 24 1550°F Air | 
annealed 4 2100°F. (840°C.) f 75°4 
and aged (1150°C.) 20 1300°F Air 
(705°C.) 
Mill-annealed 3-3 1900°-2000°F. Air — — — 63°4 
(as-received) (1035°-1095°C.) 
































The sheet studied was 0-05 in. (1:25 mm.) thick 
and of the following composition: nickel 72-77, 
chromium 14-98, iron 6:82, titanium 2°45, niobium 
0-96, aluminium 0-76, silicon 0-37, manganese 0:74, 
copper 0:06, carbon 0-06, sulphur 0-007, wt. per 
cent. The effects of six heat-treatments were estab- 
lished: see table above. After heat-treatment the 
specimens were subjected to tensile tests at room 
and elevated temperatures, and to creep- and stress- 
rupture tests (for rupture lives of up to 100 hours) 
at 1000°, 1200° and 1400°F. (540°, 650° and 760°C.). 
The data obtained, presented in graphical and tabular 
form, indicate the heat-treatments associated with 
optimum tensile and creep properties at the different 
test temperatures. 


The highest tensile yield strength and ultimate 
Strength over the range 80°-1400°F. (27°-760°C.) 
were achieved by ageing at 1300°F. (70S°C.) for 
20 hours, but strength was only slightly less after 
application of the shorter heat-treatment at 1400°F. 
(760°C.) for 4 hours. At 1400°F. (760°C.) Young’s 
modulus was about two-thirds of the room-temper- 
ature value, but the elongation in 2 in. at 1200° 
and 1400°F. (650° and 760°C.) was unduly low 
(2-6 per cent.), irrespective of the heat-treatment 
applied. If high fabrication stresses are present 
before heat-treatment, some stress-relieving treat- 
ment may, it is concluded, be advisable to preclude 
the possibility of cracking due to ageing. 

Ageing developed the lowest minimum creep rates 
at 1000°F. (540°C.), and solution-treatment for 
4~hour followed by ageing had the same effect at 
1200°F. (650°C.). At 1400°F. (760°C.) there was 
little difference in the creep rates associated with 
the various heat-treatments. 

The highest strength for 0-2 per cent. creep strain 


in 5 and 10 hours and for 10- and 100-hours stress 
rupture at 1000°F. (540°C.) was obtained after ageing 
for 20 hours at 1300°F. (705°C.). For 0-2 per cent. 
creep in 5 hours and 10 hours at 1200°F. (650°C.), 
approximately the same strength resulted from 
either ageing or solution annealing and ageing 
(an exception was the lower creep strength exhibited 
by specimens aged at 1400°F. (760°C.) for 1 hour). 
Only in the stress-rupture tests for 100 hours at 
1200°F. (650°C.) were the solution-annealing and 
ageing treatments superior to the shorter-time 
ageing treatments. , 

The results are regarded as indicating that the use 
of the relatively long high-temperature solution- 
annealing and ageing treatments is not necessary 
in applications requiring satisfactory short-time 
tensile stress-strain characteristics, or where 0:2 per 
cent. creep strain or stress-rupture in 5 or 10 hours 
is involved: strengths equal to, or better than, 
those obtained with solution-annealing and ageing 
treatments can be achieved by application of relatively 
short low-temperature ageing treatments. 


Mechanical Properties of Nickel-containing Alloys 
and Steels at Elevated Temperatures 


H. A. PEARL, G. F. KAPPELT and E. J. KING: ‘Mechanical 
Properties of Selected Alloys at Elevated Temper- 
atures.’ 


Wright Air Development Center, Tech. Report 59-702, 
Part 1, Mar. 1960; 250 pp. 

The work reported was initiated to obtain data 
on the properties of heat-resisting materials suitable 
for application to the design of aeronautical struc- 
tural components exposed to high-temperatures 
during service. The six materials studied (listed 
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Test Temperature Range 
Material Room Temperature to: 
°F. On 
Precipitation-Hardenable 
Stainless Steels: 
*‘AM-35S’ as 1000 540 
“P.H. 15-7 Mo’ 1000 540 
*A-286° ‘ 1200 650 
tar a 
‘HK31-H24 . 600 315 
Nickel-base oo 
“‘Udimet 500’ 1700 925 
‘Inconel X’ 1500 815 

















above, together with the temperature range in which 
they were tested) were subjected, in plate and bar 
form, to tensile, compressive, bearing and shear 
stresses after 4, 10, 100 or 1000 hours at temperature. 
The following properties were determined and are 
reported: 


(1) From unnotched and notched tensile specimens: 
ultimate strength; yield strength (0-2 per cent. 
offset); total elongation at rupture; stress at rupture, 
based on original and final area; modulus of elasticity ; 
per cent. elongation after failure; reduction-in- 
area after failure; room-temperature hardness before 
and after exposure to elevated temperature. 


(2) From compressive tests: yield stress (0-2 per 
cent. offset); modulus of elasticity; tangent modulus; 
room-temperature hardness before and after exposure 
to elevated temperatures. 


(3) From shear tests: ultimate shear stress; room- 
temperature hardness before and after exposure to 
elevated temperatures. 


(4) From bearing specimens: ultimate bearing 
strength; bearing yield strength (0-2 per cent. of 
hole diameter); room-temperature hardness before 
and after exposure to elevated temperatures. 


In general the test data show that most of the pro- 
perties studied decrease, irrespective of the type of 
stress imposed, with time and temperature. Time 
of exposure was less influential in this respect than 
temperature. The mechanical properties of ‘A-286’ 
steel were, however, higher after prolonged exposure 
(due to ageing at some temperatures), and the sharp 
decrease in properties exhibited by the other materials 
at the higher temperatures was not characteristic 
of ‘A-286’. 

Since mechanisms of failure differ, precise data for 
a given stress are, it is considered, obtainable only 
by testing under the desired conditions. In the 
report, comparisons between two materials are made 
only when the temperature range of operation is 
common to both. 
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Influence of Hot Working on the Structure and 
Creep-Rupture Properties of Heat-Resisting 
Materials 


A. P. COLDREN, J. E. WHITE, R. K. BOWEN and J. w. 
FREEMAN: ‘Studies of Heat-Resistant Alloys.’ 


Wright Air Development Center, Tech. Report 59-606, 
Feb. 1960; 97 pp. 


The creep-rupture properties of a specific heat- 
resisting alloy can vary over a range determined 
by microstructural variations arising from 
variations in the production conditions. The 
necessity of basing design data on the minimum 
properties expected has focused attention on the 
desirability of producing materials which will con- 
sistently and reliably exhibit maximum properties. 
It is recognized that response to heat-treatment 
can vary with the production conditions, and that 
this variation is usually sufficiently large to mask 
the effects of any variation within compositional 
limits. In the work now described hot working 
was selected as a source of structural variation, 
and a study was made of its influence on the proper- 
ties and response to heat-treatment of various heat- 
resisting materials. 

Three materials were selected for study: ‘A’ nickel 
(commercially pure nickel), the nickel-chromium 
precipitation-hardenable steel ‘A-286’, and the low- 
alloy ferritic steel ‘17-22-AV’. 

The test materials were rolled under widely varying 
conditions of temperature and reduction, and then 
air-cooled. The nickel was left in the as-rolled 
condition, the ‘A-286’ specimens were solution- 
treated and aged, and the ‘17-22-AV’ steel was 
tempered. The specimens were then subjected to 
creep-rupture tests in the temperature range of 
maximum interest, and structural studies were carried 
out before, and sometimes after, creep-rupture 
testing, as a means of correlating properties and 
structures. 

The authors review of the effects of hot working 
leads them to comment on the general relationships 
revealed: 

‘In a simple, single-phase alloy, working conditions 
can have a pronounced effect on properties. The 
results for ‘A’ nickel indicate that two factors can 
be involved. At relatively low creep temperatures, 
internal strain induced by working can raise creep 
strength substantially. As the test temperature 
increases, strain becomes less important. Plastic 
working, however, still has a major effect, probably 
through the substructures established. The data 
indicate that this is dependent on the amount of 
reduction and not the temperature of reduction. 
Recrystallization during working or during subse- 
quent creep is the limiting factor for improving 
strength by this mechanism. Very sparse data 
indicate that the improvement in strength occurs 
as a result of the development of very fine substruc- 
tures, probably as a result of refinement with in- 
creasing reduction and/or increasing misorientation 
of the sub-grains. 

‘In an alloy subject to a strong age-hardening 
reaction, ‘A-286’, very little evidence of influence 








from strain or substructure was found. The pre- 
dominant factor was the temperature of heating. 

It is recognized that the data are incomplete, since 
they do not account for low strength resulting from 
large reductions after a high initial working temp- 
erature. The indications are that grain-size and 
solution effects are the controlling factors. Evidence 
was found of appreciable solution effects from higher 
temperatures of working than those related to the 
precipitation reaction. At the same time, however, 
grain-size increased. Because it is known that 
large reductions from a high temperature can result 
in a fine grain-size and low strength, it is not clear 
which factor predominates. No evidence was found 
to indicate that varying amounts of rolling significantly 
influenced the general precipitation reaction in the 
*‘A-286° alloy insofar as properties are concerned. 
There was evidence, however, to indicate that heating 
or heating and working influenced phases forming 
in the grain boundaries, which had some effect 
on properties.’ 

The experiments on ‘17-22-AV’ steel demonstrated 
that both rupture strength and ductility at 1100°F. 
(595°C.) can be beneficially affected by working 
thoroughly solutioned austenite at temperatures 
too low for simultaneous recrystallization. 

In a supplementary study, experiments were carried 
out to throw light on the influence of strain-ageing- 
type reactions on high-temperature properties. 
Constant-strain-rate tension tests were conducted, 
over a wide range of temperature, on two heats of 
A.LS.I. 1020 carbon steel and on one heat of ‘A-286’ 
steel. Curves of stress for a given strain versus 
temperature were evolved for each material under 
various conditions of heat-treatment and strain rate. 
The results suggest that forces of chemical attraction 
between nitrogen atoms and silicon, aluminium or 
titanium atoms stabilize Cottrell-type atmospheres, 
permitting them to be effective at higher-than- 
normal temperatures. 


Influence of Forging Temperature and 
Heat-Treatment on the Performance of ‘Inconel 700’ 
Rotor Blades 


C. A. GYORGAK, D. F. SPRINGSTEEN and J. R. JOHNSTON: 
‘Effect of Forging Temperature and Heat-Treatment 
on the Performance of ‘Inconel 700’ Buckets at 
1625°F. in a J33-9 Turbojet Engine.’ 

Nat. Advisory Committee for Aeronautics, Research 
Memorandum E57K14, Feb. 18, 1958; 37 pp. Re- 
cently de-classified. 


‘Inconel 700’, an age-hardenable nickel-base alloy, 
was developed for turbine rotor blades operating in 
the range 1600°-1650°F. (870°-900°C.). The avail- 
able data indicate that stress-rupture life at 1600°F. 
(870°C.) varies with the heat-treatment, and that 
life is optimum after solution-treatment at 2280°F. 
(1250°C.) or above (depending upon the ageing 
temperature used). The data show also that when 
the alloy is solution-treated above 2200°F. (1205°C.), 


a double-ageing treatment yields a higher stress- 
rupture life than a single-ageing treatment. Solution- 
treatment at temperatures higher than 2100°F. 
(1150°C.) greatly increases grain-size, however, an 
increase which is considered undesirable by some 
manufacturers of gas turbines. The test programme 
described in this memorandum was _ undertaken 
to determine the effects of forging temperature and 
heat-treatment on the life of rotor blades in a full- 
scale engine at a blade temperature of 1625°F. 
(885°C.). 


The ‘Inconel 700’ blades, forged from a single 
heat of material,* were evaluated in a J33-9 engine 
operated in repetitive 20-minute cycles [15 minutes 
at rated speed (11500 r.p.m.) and approximately 
5 minutes at idle speed (4000 r.p.m.)]. At rated 
speed, a temperature of 1625°F. (885°C.) was main- 
tained in the bucket airfoils at a point 2-3 in. above 
the base platform, a point where the combined 
effects of centrifugal stress and temperature were 
regarded as most critical. The stress-rupture life 
of the alloy was determined using specimens 
machined from the airfoils. Blades were subjected 
to metallographic examination before and after 
operation. 


Both the forging temperature and the solution- 
treating temperature were found significantly to 
influence the performance of the ‘Inconel 700’ 
blades. The best results were obtained by application 
of a combination of high forging and high solution- 
treating temperatures. 

Of the two forging temperatures studied, the higher 
(2225°F.: 1218°C.) proved more effective than the 
lower (2100°F.: 1150°C.). Blades forged at the 
higher temperature exhibited median lives of approx- 
imately 240 hours, and those forged at the lower 
temperature had lives of 70 hours. Of the two 
solution-treating temperatures studied (2275° and 
2150°F.: 1245° and 1175°C.), the higher proved 
the more effective. 


The results show that ‘Inconel 700’ blades are 
capable of operating at 1625°F. (885°C.) for over 
450 hours at rated speed, and the alloy is regarded 
as suitable for use in engines designed for higher- 
temperature operation: in comparison the average 
engine life of ‘S-816’ blades ranges from 148 to 345 
hours at 1500°F. (815°C.). 

The microstructures of the as-forged blades, even 
those forged from a temperature of 2225°F. (1218°C.), 
showed evidence of cold working (in the form of 
elongated grains). Solution-treating the blades at 
either of the temperatures studied removed all visual 
evidence of cold working, irrespective of the forging 
temperature. The possibility that the effects of 
cold working may persist in the blades is, however, 
not excluded. 





* Composition: nickel 47-94, cobalt 28-42, chromium 14-76, 
molybdenum 2-76, aluminium 2-93, titanium 2-18, iron 0-58, 
silicon 0-20, carbon 0-10, manganese 0-08, copper 0-02, 
sulphur 0-007, per cent. 
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Forging Turbine Blades in ‘Nimonic’ Alloys 


‘Forging Turbine-Blades: Recommended Practice 
for the Wiggin High-Nickel Alloys.’ 


Aircraft Production, 1961, vol. 23, Jan., pp. 2-4. 


Turbine-blade forgings have been produced in 
all the ‘Nimonic’ high-temperature alloys by a 
variety of different processes. In general, they 
fall into two categories: (1) forged to +1 to +2 mm. 
envelope on the aerofoil (rough-forged); (2) forged 
to +0-1 to +0:25 mm. envelope on the aerofoil 
(close-forged). For reasons of economy, and also 
because of the problem of removing superficial 
oxidation, the latter category has been adopted 
only to a limited extent in the United Kingdom. 
Basically production takes place in four main stages: 
preparation of bar in such a form that it can be 
adequately inspected to ensure the absence of defects 
which may ultimately effect the quality of the final 
component; cutting of stocks into ‘slugs’, i.e., 
pieces of suitable weight for one blade; preparation 
of a ‘use’ or preformer; the final forming operations. 

This article, based on the knowledge accumulated 
by Henry Wiggin and Company, Ltd. (the manu- 
facturers of the ‘Nimonic’ alloys), outlines the practice 
which has been found effective in forging ‘Nimonic’ 
turbine blading. 


Development of High-Temperature 
Die Materials 


H. R. NICHOLS, W. H. GRAFT, V. PULSIFER and P. R. 
GOUWENS: ‘Development of High-Temperature Die 
Materials (Hot Die Materials).’ 
U.S. Air Material Command, Tech. Report 59-7-579, 
Oct. 1959; 124 pp. P.B. 161779. 


In conventional die practice, forging is conducted 
by working a pre-heated blank between relatively 
cold dies, which, in general, are not permitted to 
operate at temperatures much in excess of 800°-900°F. 
(425°-480°C.) due to the danger of their softening 
and losing strength. This limitation is inherent 
in the use of current die materials, and (since the 
flow stress in a metal increases rapidly with fall 
in the forging temperature) restricts the size and 
shape of forgings producible in the dies. The test 
programme now reported had a dual objective: 


(1) to determine and/or develop high-temperature 
die materials suitable for forging service involving 
stock temperatures of up to 2100°F. (1150°C.); 


(2) to evaluate the potentialities and limitations of 
the high-die-temperature forging technique. 


The suitability of the materials studied was assessed 
in terms of the degree to which they satisfied the 
following requirements: high yield strength in the 
region of 60,000 p.s.i. (26°5 t.s.i.: 42 kg./mm.?) 
at 1600°F. (870°C.); satisfactory oxidation-resistance 
at 2100°F. (1150°C.); resistance to microstructural 
changes inducing loss in strength as a result of short- 
time exposure to temperatures in the region of 2100°F. ; 
dimensional stability; wear-resistance. 
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The project was carried out, and is reported, in 
three phases: 


(1) Asurvey of the relevant literature led to screening 
tests (using hot-compressive strength, oxidation- 
resistance and thermal stability as criteria for 
selection of materials suitable for further evalu- 
ation) on the following classes of material: 
Fe-Cr-W ; Fe-Cr-W-Ni ; Fe-Cr-W-Ni-VC ; 
Fe-Cr-Ni-TiC; Fe-Cr-W-Ni-NbC; commerci- 
ally available nickel-base alloys; commercially 
available cobalt-base alloys. Materials showing 
promise in these tests were then subjected to a 
penetration-type forging test, followed by a hot- 
wear test. Those satisfying all the requirements 
of the exploratory tests were evaluated (as a 
means of determining their suitability for use 
in shop practice) in relation to cost, castability, 
ease of preparation, ‘strategic alloy content’, 
and machinability. 

As this phase of the programme neared com- 
pletion it appeared that the use of iron-base 
alloys did not offer much promise. However, 
the study was considered successful in gutding 
the direction of future high-temperature alloy 
development programmes, and a _ vacuum- 
melted alloy (tungsten 39-4, nickel 38-67, 
chromium 12-97, aluminium 6-16, carbon 2-57, 
per cent.) which exhibited a compressive yield 
strength at 1800°F. (980°C.) of 34,000- 
35,000 p.s.i. (15-15°5 t.s.i.: 24-24-5 kg./mm.?*) 
(i.e., comparable with that of the most satisfactory 
commercial alloys available) is regarded as an 
encouragement towards further development 
studies. 

Of the alloys studied, the nickel-base casting 
alloy ‘Inconel 713C’ was found to offer most 
promise as a material for high-temperature 
forging dies. 


(II) This phase was concerned with the design and 
preparation of an experimental high-temperature 
forging die cast in ‘Inconel 713C’. The die set, 
based on an H-bar section, was designed with 
removable inserts, enabling the die cavity to be 
varied by replacing inserts or by changing the 
configuration of any desired insert. 


(IIT) In this phase the experimental dies prepared in 
phase (II) were employed to produce forgings in 
quantities sufficient to establish the applicability 
of the die material and design to production 
procedures. 


During the initial high-temperature forging tests, a 
lubrication study was undertaken when A.I.S.I. 4340 
nickel-chromium-molybdenum steel slugs adhered 
to the forging die, or, possibly, welded at the higher 
die temperatures. Evaluation of approximately 35 
materials (representing 175 different combinations 
of compounds) demonstrated that maximum deform- 
ation and lubrication of the work during forging was 
dependent on the lubricant’s possessing the properties 
of an insulator as well as the capacity to form a 
tenacious hydrodynamic film. Lubricants were 
successfully produced which form an_ insulating, 








tenacious film and are not highly reactive with the 
die material: for low-die-temperature lubrication, 
bentonite (a clay-like substance with a low thermal 
conductivity and a flaky structure) was combined 
with potassium bisulphate to achieve superior lubric- 
ation and reductions; during high-die-temperature 
forging a combination of flake graphite and potassium 
iodide ensured maximum lubrication. The two 
combinations enabled forging dies to be lubricated 
over the temperature range 400°-1800°F. (205°- 
980°C.). The forging study clearly revealed the 
advantages offered by high-temperature dies in filling 
deep cavities and forging thin sections: it was evident 
that components produced in relatively cold dies 
could, due to rapid chilling of the work piece by 
the die, be forged only to a limited degree, irrespective 
of the load applied, whereas those produced with 
high-temperature dies could be forged isothermally. 
The scope of the investigation, the experimental 
procedures used, the design of the dies and the test 
data obtained are reported in detail. 


‘Thermo-Kanthal’: Thermocouple Alloy with 
Improved Resistance to Oxidation 


B. EDWIN: ‘New Developments and Knowledge in 
the Field of Nickel/Nickel-Chromium-type Thermo- 
couples.’ 

Elektrowarme, 1960, vol. 18, July, pp. 222-5. 


Thermocouples of nickel/nickel-chromium type 
have been in industrial use for a considerable number 
of years. In general the negative component con- 
sists of nickel with additions of 1-5-2-5 per cent. 
aluminium, 1-1-2 per cent. silicon and 1-8-3 per 
cent manganese, while the positive component 
contains 9-9-5 per cent. chromium and 0-1-0-5 per 
cent. silicon: small, closely controlled amounts of 
other elements are also present in both. Experience 
has shown the oxidation-resistance of the negative 
element to be considerably inferior to that of the 
positive. In view of the fact, therefore, that in most 
cases the life of the thermocouple is determined 
by the negative element, an investigation was under- 
taken to develop a negative component which would 
prove superior in oxidation-resistance and satisfy 
the requirements of relevant specifications. The 
properties and advantages of the alloy eventually 
developed (designated ‘Thermo-Kanthal’) form the 
subjects of the present paper. 


The alloy, of nickel base and containing 2-3 per 
cent. silicon, combines high oxidation-resistance with 
the characteristics necessary to meet, for example, 
the stringent requirements of the relevant U.S. 
specification. Wires fabricated from ‘Thermo- 
Kanthal’ and a conventional negative-element alloy 
were heated in air for 1500 hours at 1100°C.: the 
latter alloy was virtually completely oxidized at the 
end of the test; attack on ‘Thermo-Kanthal’ was 
insignificant. 

Thermal hysteresis with increase and decrease 
in temperature, and variations in the e.m.f. of the 
couple caused by the inhomogeneity of material in 
industrial pyrometers, are discussed. 


Protection of Niobium from High-Temperature 
Oxidation 


S. T. WLODEK: ‘Coatings for Columbium.’ 


Jnl. Electrochemical Soc., 1961, vol. 108, Feb., 
pp. 177-85. 


The high melting point (2450°C.), medium density 
(8-6 g./cc.) and low thermal-neutron cross-section 
(1-1 barns) of pure niobium have stimulated research 
on the suitability of niobium-base alloys for elevated- 
temperature structural applications. Due to the 
low vapour pressure and high melting point of the 
oxidation products, the problem of evolving a 
satisfactory coating for niobium appears to be 
easier than for many of the other refractory metals. 
Nb,.O,;, the predominant oxide formed on oxidizing 
pure niobium, melts at temperatures above 1450°C. 
and possesses a very low vapour pressure below 
1400°C. In a coated niobium body, therefore, the 
problem of interaction with a corrosive liquid oxide 
will not be encountered below 1450°C., and the low 
vapour pressure of the oxidation products will not 
produce the physical disintegration of the coating/ 
metal interface that is observed in the case of molyb- 
denum- and tungsten-base systems. Niobium, how- 
ever, possesses a large solubility for oxygen and 
nitrogen, and if the coating should allow the diffusion 
or penetration of these elements into the niobium 
body, the resultant embrittlement might prove as 
disastrous as actual failure by oxidation. The main 
objective of the work now described was to determine 


. the degree of high-temperature stability achievable 


by deposition of an oxidation-resisting coating on 
niobium. 

‘Plasmarc’, detonation-gun and gun-metallizing 
processes were employed to apply the different 
coatings studied, and, although this approach 
enabled a large variety of coatings to be investigated, 
the practical application of the data obtained is 
restricted to the simple specimen geometries that can 
be coated by these processes. 


Two main types of coating were evaluated: 

(1) NbAl,, NiAl, ZrO., Cr, Type 302 18-8 stainless 
steel, ‘Nichrome V’ (80%Ni-20%Cr), ‘LA-4 (70% 
‘Nichrome V’ + 30%AI,0;), ‘LM-5’ (40%Mo- 
40%Si-8%Cr-2%B-10%Al). 

(2) Duplex coatings consisting of an external layer 
of chromium or ‘LM-5’ superimposed on an inner 
layer of one of four oxidation-resisting niobium- 
titanium-chromium-aluminium-base alloys contain- 
ing alloying additions of nickel, vanadium or iron. 


In exploratory tests all the coatings were subjected 
to exposure in static air at constant temperature 
until failure. Those coatings which, on the basis 
*of these tests, showed promise were re-evaluated 
in terms of the amount of oxygen or nitrogen 
contamination suffered by the basis metal. The 
coating systems which still appeared promising were 
further evaluated in relation to thermal-shock 
resistance, self-healing properties and behaviour 
under stress. In all the tests failure was assessed on 
the basis of the first appearance of Nb.O3. 

Although chromium, stainless steel and ‘Nichrome 
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V’ were found to protect niobium from gross oxid- 
ation after exposure for hundreds of hours in the 
range 950°-1150°C., oxygen contamination occurred 
at a temperature as low as 950°C. with the chromium 
coatings. A coating of ‘LM-5’, which prevented 
all reaction for about 1000 hours at 1150°C. and 
100 hours at 1500°C., performed well under stress, 
and, to a certain degree, exhibited self-healing 
properties and thermal-shock resistance. The latter 
two properties can, it was found, be improved even 
further by introducing an alloy layer of the niobium- 
titanium-chromium-aluminium-nickel type between 
the ‘LM-S’ and the niobium, and this duplex coating, 
while retaining the static-exposure resistance and 
strain-rate insensitivity of the ‘LM-S’, withstood 
30 water quenches from 1150°C. before failure. 
These results are regarded as demonstrating the 
practicability of conferring satisfactory protection 
on niobium components of very simple shape. The 
coating of shapes of the largeness and complexity 
typical of commercial components is a problem yet 
to be solved. 


Protection of Molybdenum from High-Temperature 
Oxidation by Nickel/Chromium Electrodeposits 


See abstract on p. 90. 


Welding of High-Temperature Materials 


E. KAUHAUSEN, P. KAESMACHER and S. SADOWSKI: 
‘The Problem of Welding High-Temperature-Service 
Materials.’ 

Brit. Welding Jn!., 1960, vol. 7, Dec., pp. 693-707. 


This review of German and other experience in 
overcoming the problems involved in welding steels 
for high-temperature service is in four main sections. 

Reference is first made to the difficulties encountered 
in welding chromium-molybdenum-(vanadium) fer- 
ritic steels (chromium 1-0-9-0, molybdenum 0-5- 
1-0, percent.) and to the properties obtainable in joints 
produced by various welding techniques. The basic 
lime-coated and acid rutile-coated electrodes are 
then considered (in the light of economic consider- 
ations and welding characteristics), and the necessity 
for appropriate pre-heat and post-welding stress- 
relief treatment is emphasized. In the second 
section, the authors demonstrate that use of electrodes 
of similar composition to the basis metal, and adequate 
attention to heat-treatment requirements, will result 
in satisfactory joints in 12 per cent. chromium steel. 

In the welding of fully austenitic stabilized steels 
(the subject of the third section of the paper) cracking 
is a considerable problem. The causes of cracking 
are discussed, and it is shown that welds of high 
quality can be satisfactorily produced by application 
of 16% chromium-13% nickel-6% cobalt electrodes 
(which lay down a stabilized deposit). 

In the final section, the authors consider the ad- 
vantages offered by nickel-alloy electrodes in the 
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welding of high-temperature materials, and comment 
upon the properties obtained in austenitic-steel/ 
ferritic-steel welds produced using ‘Inconel’ elec- 
trodes. 


Brazing of High-Temperature Materials 


A. F. HASKINS and R. M. EVANS: ‘Brazing for High- 
Temperature Service.’ 

Defense Metals Information Center, Battelle Memorial 
Inst., Memorandum 48, Mar. 29, 1960; 12 pp. 


The memorandum summarizes the information 
available on the procedures and filler metals employed 
in brazing heat-resisting components intended for 
service at temperatures in excess of 600°F. (315°C.). 
The mass of relevant literature has precluded the 
inclusion of illustrative tabular and graphical data, 
but the bibliography of 52 items incorporated in the 
memorandum is deemed an adequate source of 
reference. 

The information is reviewed in three sections, 
concerned, respectively, with the brazing process 
and its application, filler alloys (including silver-, 
copper-, nickel-, and noble-metal-base alloys), 
and the effects, beneficial or deleterious, of minor 
constituents present in such alloys. 


Determination of Zirconium in Nickel-base 
High-Temperature Alloys 


B. B. BACH and J. T. FRANCIS: ‘Determination of 
Zirconium in Complex Nickel Alloys.’ 


Mertallurgia, 1960, vol. 62, Dec., pp. 281-3. 


The nickel-base alloys widely used in the aircraft 
industry for applications involving exposure to high 
temperature often contain major amounts of chrom- 
ium (up to 20 per cent.), cobalt (up to 20 per cent.), 
molybdenum (up to 10 per cent.), titanium (up to 
5 per cent.), and aluminium (up to 5 per cent.). 
In addition, iron, manganese, cerium, zirconium, 
copper and other elements can be present in amounts 
up to 0-5 per cent. In alloys of this type, zirconium 
can be determined spectrographically if a range of 
chemically analyzed standards is available. The 
object of the work now reported was the develop- 
ment of a method for the determination of zirconium 
in such standards over the range 0:01-0:02 per 
cent. Details are given of the spectrophotometric 
method (using alizarin S) ultimately developed, 
and the results obtained in its application to nickel- 
chromium-cobalt alloys containing molybdenum, 
aluminium and titanium are tabulated. 

No account was taken of the presence of hafnium 
(commercial zirconium usually contains about 
1-3 per cent. hafnium), since its effect was con- 
sidered to be negligible. When the zirconium/ 
titanium ratio was too low, difficulty was experienced 
in obtaining a clean separation: satisfactory results 
were, however, achieved down to 0-01 per cent. 
zirconium in the presence of 3-5 per cent. titanium 








Cast Austenitic Stainless Steels and Alloys 








(See abstract below) 
Cc Si Mn Cr Ni Mo Cu Ta/Nb 
% Yo % % % % % % 
<0:10 <2:0 <2:0 18-0 18-0 2-0 2-0 10xC 
<0:10 <2:0 <2:0 20:0 25:0 3-0 2:0 — 
<0-10 <2:0 <2:0 20:0 60-0 6:0 6-0 —_ 
































The method has been found satisfactory over the 
range 0:05-0°5 per cent. zirconium, but above 
about 0-2 per cent. zirconium the gravimetric method, 
using p-bromomandelic acid, is considered more 
accurate. 


Determination of Cobalt in ‘Inconel’ by 
Thermal-Neutron Activation 


W. HAERDI, J. VOGEL and D. MONNIER: ‘Macro- and 
Microdetermination of Traces of Cobalt. VII. Direct 
Determination of Cobalt in ‘Inconel’ by Thermal- 
Neutron Activation: Determination and Interference 
Limits.’ 

Helvetica Chimica Acta, 1960, vol. 43, Oct. 17, 
pp. 1585-95. 


The authors first report a study (using a one-channel 
gamma spectrometer) of the determination of traces 
of cobalt 60, and the interferences due to iron 59 
and cobalt 58. They then give details of a method 
for the direct assay (without dissolution or separation) 
of cobalt in ‘Inconel’ by thermal-neutron activation. 
The determination can be made readily on only 
0-1 mg. of the alloy, and the method is stated to be 
rapid, simple and effective. 


Determination of Traces of Cobalt in 18-8 Steels 


D. MONNIER, W. HAERDI and J. VOGEL: ‘Macro- and 
Microdetermination of Traces of Cobalt. Spectro- 
photometric and Polarographic Determinations of 
Cobalt in Edelweiss MA 2 B Steels.” 
Analytica Chimica Acta, 1960, 
pp. 577-84. 


The authors give details of a spectrophotometric 
method for determination of cobalt in 18-8 steel. 
Iron is removed by solvent extraction, and cobalt 
is separated by means of an ion-exchange resin and 
converted to the nitroso-R-salt complex, the optical 
density of which is then measured. The method 
can be applied on the macro- or microscale, and the 
limit of error lies between 4 and 6 per cent. The 
limit of identification is 0-005ug. cobalt. A less 
sensitive (0-5 ug./ml.), but more rapid, polarographic 
method is also described. 


vol. 23, Dec., 


Rapid Determination of Nickel in Ferrous and 
Ferromagnetic Materials 


See abstract on p. 86. 


Melting and Heat-Treatment of Cast Austenitic 
Stainless Steels and Alloys 


K. ROESCH and K.-H. SCHMITZ: ‘The Melting and 
Heat-Treatment of Molybdenum- and Copper- 
containing Fully-Austenitic Cast Iron-Nickel- 
Chromium Alloys.’ 

Giesserei Tech.-Wiss. Beihefte, 1961, vol. 13, Jan., 
pp. 43-55. 


The production and fabrication of molybdenum- 
and copper-containing austenitic steels and alloys 
are reported to involve difficulties (e.g., during the 
production of complex castings, during forging and 
during welding) and literature data and practical 
experience indicate that the quality of such steels is 
largely controlled by non-metallic inclusions and 
intermetallic phases. The investigation now de- 
scribed was initiated with the general aim of estab- 
lishing the relationship between alloy content, melting 
conditions and heat-treatment on the one hand, and 
precipitation of intermetallic and non-metallic phases, 
and their influence on the properties of the material, 
on the other. More particularly, the authors’ aim 
was to discover some means of producing basic- 
or acid-melted materials offering no problems 
during subsequent fabrication. 


The nominal composition of the three materials 
selected for investigation is given in the table above. 


The following conclusions are drawn: 


(1) Depending on the silicon and manganese contents 
of the melt, solid or liquid deoxidation products 
are formed. Liquid deoxidation products readily 
rise to the surface of the melt, resulting in an improve- 
ment in purity. The solid deoxidation products 
consist predominantly of silica, which, on cooling, 
may be liquated due to the precipitation of chromium 
II oxides. The chromium silicates formed, no longer 
being able to rise to the surface in view of the crystal 
skeleton formation already initiated, are thus forced 
towards the grain boundaries. In the form of non- 
metallic grain-boundary films, these inclusions 
prevent metallic contact between the grains and con- 
siderably impair the properties of the material. 
For given silicon and chromium contents, this effect 
is reduced with increase in manganese content. 
To avoid stress cracking during hot working and 
welding, the manganese content should not exceed 
1°2 per cent 

(2) On addition of a magnesium alloy to materials 
with less than 50 per cent. nickel, the magnesium is 
vaporized and a pronounced purging effect is initiated. 
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Liquid deoxidation products are forced to the surface, 
and, provided the silicon/manganese ratio is conducive 
to the formation of liquid deoxidation products, 
further improvement in purity is obtained. If a 
silicon-containing magnesium alloy is employed, 
the additional silicon so introduced can result in 
the formation of solid deoxidation products, and 
thereby adversely affect the quality of the material. 


(3) The non-metallic grain-boundary deposits 
consist of two thin skins, the coalescence of which 
is prevented by a gaseous film (largely hydrogen 
liberated during cooling). Where the grain-bound- 
ary deposits are non-continuous, subsequent heating 
to 1250°C. will result in coagulation and hence an 
improvement in quality. 


(4) In the case of materials prepared with acid 
lining, casting temperature is important. If the 
casting temperature is too low, chromium-oxide 
precipitation may be initiated, due to pronounced 
segregation, and can result in the formation of non- 
metallic grain-boundary films. For steel prepared 
with basic lining and reduced under slag, the oxygen 
content is lower and the possibility of chromium- 
oxide precipitation less. 


(5) The molybdenum, copper and silicon contents 
of the intermetallic phases found in the materials 
studied are higher than those of the matrix. The 
quantity of intermetallic phase increases with increase 
in molybdenum, copper and silicon. The precipit- 
ation of this phase from the austenitic matrix occurs 
at temperatures below 1130°C., the maximum rate 
of precipitation occurring between 1050° and 900°C. 
Redissolution of the intermetallic phases is effected 
by re-heating to temperatures above 1130°C. Pre- 
cipitation occurs preferentially at chromium oxides. 
On cooling from the melting temperature, chromium 
(Il) oxides are transformed to chromium (III) oxides 
with liberation of metallic chromium. The fact 
that chromium-oxide precipitation is less extensive 
in materials melted with basic lining than in those 
prepared with acid lining explains the lower pro- 
portion of intermetallic phases found in the basic- 
melted materials. 


(6) The adverse effect of non-metallic grain- 
boundary deposits and intermetallic phases on notch- 
impact strength, hot workability and weldability 
was confirmed. 


Carbon Pick-up by Stainless-Steel Castings made in 
Resin-bonded Sands 


B. K. KAPLISH and H. T. PROTHEROE: ‘Carbon Pick-up 
by Stainless-Steel Castings Made in Resin-bonded 
Sands.’ 

Brit. Foundryman, 1961, vol. 54, Jan., pp. 26-33. 


Carbon pick-up in plain-carbon-steel and stainless- 
steel castings made in resin-bonded sands has been 
variously reported, particularly in the case of steel 
cast in shell moulds. In view of the risk that this 
increase in carbon content might render chromium- 
nickel austenitic stainless steel more susceptible to 
sensitization, and thus to intergranular corrosion, 
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the investigation now described was undertaken to 
establish the conditions under which carbon pick-up 
occurs, to determine the depth of carbon penetration, 
and to throw light on the rdle played by the carbon 
in any impairment of the corrosion-resistance of 
austenitic stainless steels cast in shell moulds. 

A steel of the following composition was selected 
for study: carbon 0-058, manganese 0-79, silicon 
0-94, chromium 18-33, nickel 8-78, per cent. Carbon 
pick-up was investigated as a function of shell thick- 
ness, pouring temperature and the resin content of 
the resin-bonded-sand mould. In view of the better 
finish reported to result on castings from inclusion 
of 2 per cent. sodium carbonate in the sand/resin 
mixture, tests were carried out with moulds incor- 
porating such an addition: these and other compar- 
ative tests were made using mild steel. Stainless- 
steel specimens were subjected to metallographic 
examination, and electrolytic-corrosion tests were 
conducted on as-cast and sensitized specimens. 


The authors’ summary of the conclusions drawn 
from the data presented is quoted below: 

“(1) Carbon pick-up takes place in plain-carbon 
steel and stainless steel cast in resin-bonded sands. 

‘(2) The source of carbon is the product of carbon- 
ization of the resin. 

‘(3) The amount of carbon diffused into the metal 


increases with the increase of resin content in the 
sand. 


‘(4) There is a minimum shell thickness for which 
the carbon pick-up is a maximum under a set of 
conditions, but, in general, carbon pick-up decreases 
with increase in shell thickness. Also the depth 
to which the high-carbon zone extends increases 
with the increase in shell thickness, although the 
maximum carbon content on the surface decreases. 

‘(5) The concentration of carbon on the surface 
of the shell castings increases with rise in pouring 
temperature. 

‘(6) The addition of sodium carbonate to sand- 
resin mixture for making shell moulds increases 
the carbon pick-up in steel, although the surface 
finish for castings less than 4 in. (1°25 cm.) thick 
is improved. 

(7) A zone of austenite with no free carbides 
present is produced by high carbon pick-up in stain- 
less steel, and the greater the carbon pick-up, the 
deeper the zone of stabilized austenite. Also the 
susceptibility to corrosion in this zone is less in spite 
of high carbon concentration.’ 


Influence of Alloying and Residual Elements on 
the Resistance of Austenitic Steels to Intergranular 
and Stress Corrosion 


H. KRAINER: ‘New Investigations of Stabilized and 
Unstabilized Corrosion-Resistant Austenitic Steels.’ 
Berg- und Hiittenmdnnische Monatshefte, 1960, 
vol. 105, Nov., pp. 280-90; disc., pp. 290-1. 


The comprehensive investigation described by the 
author was undertaken to obtain data on the influence 
of alloying and residual elements on the resistance 








of chromium-nickel austenitic stainless steels to 
intergranular and stress corrosion. 

Susceptibility to intergranular corrosion was evalu- 
ated by the Hatfield (boiling copper-sulphate/ 
sulphuric-acid) test and Huey (boiling 65 per cent. 
nitric acid) test; that to stress corrosion was assessed 
in terms of behaviour in boiling 42 per cent. mag- 
nesium-chloride solution. 


Initial experiments having shown that steels of 
similar composition, with the same carbon content, 
can exhibit varying degrees of sensitivity to inter- 
granular corrosion, a series of tests were carried out 
in an attempt to throw light on the factors contribut- 
ing to this variation. To provide a basis for com- 
parison, time/temperature/sensitization curves were 
determined (as a function of carbon content in the 
range 0-019-0-073 per cent.) for specimens of 18-12 
chromium-nickel steel heat-treated for various 
times in the range 450°-850°C. Decrease in carbon 
content was found to lengthen the holding times 
necessary to induce intergranular corrosion, and 
to reduce the sensitization region. To determine 
whether the oxygen or oxide content of a steel 
would influence its susceptibility to intergranular 
corrosion, comparative corrosion tests were carried 
out on specimens of 18-12-type steels produced 
by vacuum-melting and by conventional-melting 
methods. The data presented demonstrate that 
vacuum melting (and other procedures designed to 
reduce oxygen content) significantly diminish sus- 
ceptibility to intergranular corrosion. 

Molybdenum was influential in shifting the sensit- 
ization region to higher temperatures, but silicon 
(0-08-1-5 per cent.) was not found to have any 
effect on intergranular corrosion of 18-12 steels, 
nor did nitrogen appear to have any effect in tests 
on steels containing 0:03-0-2 per cent. of the element. 
The effectiveness of titanium as a stabilizing element 
varied in the tests carried out by the author (a finding 
which is attributed to metallurgical effects); niobium- 
stabilized steels, on the other hand, in general ex- 
hibited no tendency to intergranular corrosion after 
heat-treatment for over 5000 hours in the time/ 
temperature region studied. 

In the case of 18-8 and 18-12 steels, stabilization 
with small amounts of titanium (up to a titanium/ 
carbon ratio higher than 1/2) did not appear to 
improve resistance to intergranular corrosion com- 
pared with unstabilized steels. The presence of 
niobium, even in small amounts, lengthened the 
time for initiation of intergranular corrosion. 

The Huey test is regarded as of questionable validity 
as a criterion of susceptibility to intergranular 
corrosion: in the present investigation it reflected 
every structural variation (not only those relevant 
to intergranular corrosion), and proved sensitive to 
such constituent elements as silicon and molybdenum 
(whose effects, in terms of this test, can, in contrast 
to the results previously mentioned, be considered 
only as deleterious). 


In the second test programme, a study was made 
of the influence of the following elements on the 


resistance of 18-12 (and, in some cases, 18-8) 
chromium-nickel austenitic steels to stress corrosion: 
carbon (0-016-0-15 per cent.), silicon (0-21-1-14 per 
cent. at a carbon content of approximately 0-05, 
and 0-08-1-35, per cent. at a carbon content in 
the region of 0-06 per cent.), nitrogen (0-018- 
0-186 per cent. in 18-8 steels; 0-026-0-208 per cent. 
in 18-12 steels). 

In the case of 18-12 steels, susceptibility increased 
considerably with increase in carbon and silicon 
contents. The influence of nitrogen was small, 
but the element appeared to decrease resistance to 
cracking in 18-12 steels: whether the decrease in resist- 
ance to cracking exhibited by 18-8 steels is attributable 
to increased nitrogen or to decrease in delta ferrite 
content could not be determined. Metallurgical 
measures designed to minimize oxygen or oxide 
contents in the steel had no effect on resistance to 
cracking. 


Behaviour of Sintered Nickel-containing Aluminium 
Alloys in High-Temperature Water 


H. SPINDLER, J. HULMANN, H. E. ROLLIG, A. MERZ and 
F. THUMMLER: ‘Compatibility of Various Aluminium 
Sintered Materials with High-Temperature Water 
and Fissionable Materials.’ 


Jnl. Nuclear Materials, 1961, vol. 3, Jan., pp. 120-3. 


As a contribution to an evaluation of the suitability 
of alloyed and unalloyed sintered aluminium pro- 
ducts for use as canning material in water-cooled 
reactors, the authors undertook: 


(1) A corrosion-test programme in which specimens 
of the following sintered materials were exposed 
(in autoclaves) to water at 300°C. for times up to 
768 hours: high-purity aluminium (99-99 per cent.); 
pure aluminium (99-5 per cent.); and high-purity 
aluminium containing 0:5 wt. per cent. iron, or nickel 
0-5, iron 0°5, silicon 0-2 wt. per cent., or silicon 9, 
nickel 1 wt. per cent., or silicon 9, nickel 1, titanium 
1 wt. per cent. Specimens of the same compositions 
produced by conventional melting and casting 
procedures were included in the tests for purposes 
of comparison. 


(2) An investigation in which the compatibility 
of unalloyed sintered aluminium with uranium 
and uranium dioxide was established by examination 
of couples subjected in vacuo to temperatures of up 
to 600°C. for up to 1200 hours. 


The authors conclude that the presence of the oxide 

phase in aluminium sintered materials appears to 
improve rather than decrease corrosion-resistance 
in high-temperature water. The response of un- 
alloyed sintered aluminium products was found to 
be inadequate at temperatures higher than 200°C., 
but the corrosion-resistance of the sintered grades 
was equal to that of the melted grades. 

The corrosion data showed the most promising 
alloys to be that containing 9 per cent. silicon and 
1 per cent. nickel and that with 9 per cent. silicon, 
1 per cent. nickel, and 1 per cent. titanium. 
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Composition of Condenser-Tubing Materials 
(See abstract below) 




















Material Cc Mn Cr Ni Mo Fe Cu Other 
% % % % % % % % 
Type 316 .. 0:07 1-71 18-97 | 13-42 | 2:20 | Rem — — 
Type 329 .. 0-07 _ 27°55 4-05 1-20 | Rem —_ — 
Stainless, Alloy A 0-04 0:85 17-24 | 17-63 | 0-10 | Rem 0:44 Si 0-29 
Stainless, Alloy B 0-05 1-00 | 20-39 | 29-97 | 2-26 | Rem 3°41 Si 1-09 
Stainless, Alloy C 0-09 1-80 | 15-55 | 25-16 | 6:90 | Rem 0-13 Si 0-73 
Ni-Fe-Cr-Mo Alloy * 0-05 0-60 | 21-00 | 40-00 | 3-00 | 31-00 1-75 Si 0-40 
Type 347 .. 0-07 1-98 18-98 9-71 | 0-23 | Rem _ Nb0-57 
Alloy D * 0-10 — 16-5 Rem. | 17:00 6-00 — W 4-25 
Ni-Cu Alloy i Sus ig — 0-91 _ Rem. _ 1-64 | 30-14 — 
Ni-Cu Alloy nf si ie — 0-89 _— Rem. —_ 1-62 | 30:13 — 
Nickel 0-04 0-19 _ Rem. — 0-16 0-08 — 
Nickel 0-03 0-20 _— Rem. — 0-15 0-12 — 
Ni-Cr-Fe Alloy .. - a _— 0-24 | 15-62 | Rem. _ 6°80 0-11 Al 0-50 


























* Nominal Composition. 


In the second phase of the study, unalloyed S.A.P. 
was found to react with uranium similarly to, but 
with a less rapid rate of reaction than, aluminium 
produced by melting methods. Little or no reaction 
occurred between S.A.P. and uranium dioxide. 


Corrosion Behaviour of Non-Ferrous Materials 
in Sea-Water 


T. H. ROGERS: ‘The Corrosion Behaviour of Non- 
Ferrous Metals in Sea Water.’ 

Trans. Inst. Marine Engineering, Canad. Division 
Supplement, 1960, No. 2, Dec., pp. 31-7. 


This review is confined to ‘the major non-ferrous 
metals used in the ship-building industry’. 

A brief survey of the factors involved in corrosion 
in general, and in sea-water corrosion in particular, 
introduces the main sections of the paper, which are 
concerned with the corrosion behaviour of the 
following classes of material in sea water at atmo- 
spheric temperatures: aluminium and its alloys; 
brasses and bronzes (phosphor bronze, silicon bronze, 
nickel-aluminium bronze); copper-alloys containing 
major amounts of nickel (cupro-nickels, copper- 
nickel-iron alloys, ‘Monel’); copper; gunmetals 
(including nickel-containing grades); tin and lead 
alloys; zinc. 

The types of alloy falling within these classifications 
are discussed, typical applications are referred to, 
and corrosion characteristics are considered in relation 
to the suitability of the specific material for use in 
contact with sea water. 
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Resistance of Stainless-Steel and Nickel-base-alloy 
Condenser Tubes to Sea-Water Corrosion 


F, SUTTON: ‘Sea-Water Corrosion Tests of Stainless- 
Steel and Nickel-base-alloy Condenser Tubes.’ 
U.S. Navy, Research and Development Report 
910027B, Jan. 5, 1959; 10 pp. 


Details are given of a test programme which, 
initiated within the scope of an evaluation of the 
performance of various condenser-tube materials 
under simulated service conditions, was intended 
to provide corrosion data on materials which might 
be expected to offer resistance not only to the acidic 
exhaust-gas condensates accumulating in closed- 
cycle systems, but also to the sea-water coolant. 

To assess performance on the sea-water-coolant 
side, plain condenser tubes fabricated from various 
nickel-containing alloys and steels (see compositions 
in table above) were installed in two model con- 
densers, each containing 20 tubes, and natural sea- 
water was pumped through the tubes at a velocity 
of 10 ft./sec. (3 m./sec.). One of the condensers was 
operated for a total period of 924 months, the other 
for 47 months; both were operated continuously 
for part of the time, and on a 30-day on/off cycle 
for the remainder of the time. 


All of the stainless steels were found to be susceptible 
to salt-water pitting, and, of these, Type 347 steel 
proved the most vulnerable (with wall perforation 
occurring within one month in the case of several 
tubes). Although one Type 329 tube failed from 
pitting after two years’ operation, the remainder of 
the tubes in this steel did not exhibit serious pitting 








effects and appeared to be more prone to failure by 
crevice corrosion at the tube sheet. The data indicate 
that Type 316 steel was the least susceptible to pitting 
attack and crevice corrosion. 

Attachment of barnacles or other marine life to 
the walls of the stainless-steel tubes promoted crevice 
corrosion. 

No failures or serious deterioration occurred in the 
tubing installed in the condenser operated for 42 
months. Of the nickel-base alloys comprising the 
tubing in this condenser, the nickel-chromium-iron 
alloy was found to be the least affected by salt-water 
corrosion-erosion. 


Steels for Low-Temperature Service 
See abstract on p. 96. 


Steel Sheet for Use in Welded Low-Temperature 
Plant 


See abstract on p. 95. 





ANALYSIS 


Experience with an X-Ray Fluorescence 
Spectrometer and a Solids Mass Spectrometer 


See abstract on p. 82. 


Determination of Copper, Lead, Iron, Aluminium 
and Nickel in Copper Alloys: British Standard 


See abstract on p. 85. 


Precipitation of Nickel Dimethylglyoximate from 
Homogeneous Solution 


See abstract on p. 85. 


Volumetric Determination of Nickel 
See abstract on p. 85. 


Determination of Palladium, Nickel and Zinc 
Using Dalzin 


See abstract on p. 86. 


Photometric Determination of Small Amounts 
of Nickel 


See abstract on p. 86. 


Spectrophotometric Determination of Nickel Using 
Mineral Acids as Reagents 


See abstract on p. 86. 


Rapid Determination of Nickel in Ferrous and 
Ferromagnetic Materials 


See abstract on p. 86. 


Determination of Zirconium in Nickel-base 
High-Temperature Alloys 


See abstract on p. 104. 


Determination of Cobalt in ‘Inconel’ 
See abstract on p. 105. 


Determination of Traces of Cobalt 
in 18-8 Steels 


See abstract on p. 105. 





PATENTS 


Production of Nickel Carbonyl from Carbon 
Monoxide and Nickel Hydroxide 


The patent covers a continuous process for the 
production of nickel carbonyl from carbon monoxide 
and nickel hydroxide in aqueous suspension. The 
reaction is effected, in the presence of a catalyst, in 
a horizontal autoclave provided with a stirrer, 
at a pressure of 20-70 atm. of carbon monoxide 
and at a temperature of 140°-180°C. The aqueous 
suspension contains 6-11 wt. per cent. of nickel 
hydroxide and circulates (preferably in a counter 
direction to the carbon monoxide) at a velocity 
of 5-9 m.3/hour/kg. of sodium hydroxide. In the 
examples given, nickel sulphide is employed as 
catalyst. 


MONTECATINI (SOC. GEN. PER L’INDUSTRIA MINERARIA 
E CHIMICA) (inventors, M. AGAMENNONE and L. CORSI). 
French Pat. 1,237,954. 


Treatment of Aluminium Alloys Prior to Nickel 
Plating 


The pre-treatment to which aluminium and alum- 
inium alloys are usually subjected prior to nickel 
plating involves etching in a strong alkaline solution 
(such as sodium hydroxide) to remove the surface 
oxide film, and washing. Some of the hydroxide, 
however, remains on the surface of the aluminium 
after washing and, when the aluminium is immersed 
in the plating solution, results in the formation 
of nickel hydroxide, which is deposited on the surface 
of the aluminium as an impurity. In addition, 
the surface of the aluminium is oxidized to a small 
extent before plating can be completed. In the 
procedure covered by the present patent, alkaline- 
etched aluminium and aluminium alloys are treated, 
prior to nickel plating in an aqueous hypophosphite 
chemical plating solution, with an aqueous ammonia- 
cal solution containing a complexing agent (ammonia 
0-1 to about 30 parts by weight, complexing agent 
0-1 to about 5 parts by weight), so that nickel- 
hydroxide precipitation and formation of oxide 
film are greatly reduced and the surface of the com- 
ponent is rendered more suitable for plating. 


E. R. RAMIREZ and E. F. BARKMAN, assignors to 
REYNOLDS METAL COMPANY. U.S. Pat. 2,958,610. 
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Gas Plating of Dielectric Material. 


According to the invention, electrically conductive 
layers of nickel are formed on inert dielectric 
materials (which would be degraded by exposure to 
temperatures above 110°C.) by first depositing, in 
the desired configuration, a catalytic material pro- 
moting decomposition of nickel carbonyl and, hence, 
deposition of nickel. The catalytic material consists 
of resin-bonded particles (smaller than 200 mesh) 
of nickel or silver, and the nickel carbonyl is de- 
composed on the catalyst layer at 40°-110°C. 

The process is stated to be particularly suitable for 
capacitor and printed-circuit applications: no liquid 
immersion is required and the thickness of the deposit 
is substantially uniform throughout all areas covered 
by the catalyst layer. The catalyst material can be 
readily formed and handled in the same manner as 
any ink-like composition, and there is no problem 
in forming extremely fine conducting layers corres- 
ponding to a precise pattern desired for any printed- 
circuit-type component. 


P. ROBINSON, assignor tO SPRAGUE ELECTRIC COMPANY. 
U.S. Pat. 2,956,909. 


Gas Plating Steel with Chromium over a 
Nickel Undercoating 


A ferrous metal body is plated with a chromium 
coating by heating it in vacuo to a temperature of 
250°-400°F. (120°-205°C.), depositing nickel by 
thermal decomposition of gaseous nickel carbonyl, 
coating the freshly deposited nickel (under the same 
temperature and vacuum conditions) with a combin- 
ation layer of chromium and nickel by thermal 
decomposition of a gaseous mixture of chromium 
hexacarbonyl and nickel carbonyl, and _ finally 
depositing a layer of chromium by decomposition 
of chromium hexacarbony]. 

The adhesion attained is high, and the various 
components of the coating are stated to be sub- 
stantially inseparable. The chromium provides a 
hard surface, which, due to the underlying layers, 
lacks the brittleness which may be present when 
chromium is deposited directly onto the ferrous-base 
substrate. 


W. W. POTTER, communicatee of COMMONWEALTH 
ENGINEERING COMPANY OF OHIO. 

Brit Pat. 

Similar to U.S. 


856,906. 
99, 230985294 


Deposition of Nickel-Phosphorus Alloys by Gas 
Plating 


Nickel-phosphorus (or iron-phosphorus) alloys are 
deposited by combining, in the vapour state, a 
volume of heat-decomposable phosphorus component 
(preferably tri-methyl phosphine) and a volume of 
gaseous nickel carbonyl (or iron pentacarbony)l), 
and heating the object on which deposition is to 
occur to the decomposition temperature of the 
combined vapours. 

Specific characteristics are attained in the alloy 
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by combining more or less of the phosphorus com- 
ponent with the metal-bearing component. 


E. R. BREINING, assignor tO UNION CARBIDE 
CORPORATION. U.S. Pat. 2,966,427. 


Spray Coating with Chemically Reduced Nickel 


A smooth uniform coating of nickel is produced 

by spraying the surface of the component with 
(1) an aqueous solution containing nickel sulphate 
and citric acid (at a molar ratio of nickel sulphate to 
citric acid of approximately 1-3-2-0), or (at a molar 
ratio of 1-3-2-85) nickel chloride or nickel formate 
and citric acid, and (2) a reducer solution con- 
sisting of an alkaline solution of sodium hydro- 
sulphite and sodium hypophosphite (molar ratio 
1-4-3-53). The solutions are sprayed separately, 
in approximately equal volume of solution, to 
converge on the surface. 

The invention is applicable particularly to the 
metallizing of conductors and non-conductors, and, 
in coating organic plastics, the surface is first sensit- 
ized with stannous chloride before spraying with 
solutions at 60°-100°F. (16°-38°C.). Satisfactory 
results have been obtained in coating copper, alum- 
inium, stainless steel, carbon steel and brass. 


A. M. CARLSON and C. E. PRYMULA, assignors to 
ALPHA METAL LABORATORIES, INC. 


U.S. Pat 2,956,900. 


Electrodeposition of Abrasion- and Heat-Resisting 
Composite Coatings 


The principal object of the invention is ‘to provide 
an economical method of producing electroformed 
structures and electroplated coatings of mixed 
materials, which will have superior resistance to 
wear, abrasion, erosion, corrosion, heat, galling 
and impact’. The component to be coated is made 
the cathode in an electroplating solution containing 
suspended solid particles (preferably aluminium 
oxide, silicon oxide, iron oxide, tungsten carbide 
or diamonds), and is agitated so that the particles 
are brought into contact with the component and 
are bonded to the surface by the metal being electro- 
deposited (e.g., nickel, chromium, copper or cadmium). 
The component is agitated to ensure the shedding 
of unadhered particles. 

The invention is exemplified in the specification in 
relation to the coating of an aluminium rocket 
combustion chamber with hard nickel and silicon 
carbide, and the treatment of the surface of a punch 
with nickel and silicon carbide and/or aluminium 
oxide. 


PLATECRAFT OF AMERICA, INC. Brit. Pat. 860,291. 


Plutonium Alloys for Neutronic-Reactor Fuels 


The alloy claimed, consisting of 8-15 at. per cent. 
iron, cobalt and/or nickel, remainder plutonium, 
is of low melting point and is intended for use as 
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a liquid fuel in neutronic reactors. The three pre- 
ferred binary alloys claimed contain, respectively, 
14 at. per cent. nickel, 9-5 at. per cent. iron, and 
12 at. per cent. cobalt. 


U.S. ATOMIC ENERGY COMMISSION. 
Brit. Pat. 
Similar to U.S. ,, 


860,161 
2,890,954. 


Heat-Treatment of Oxygen-containing Magnetic 
Materials 


The invention is based on the finding that the 
presence of oxygen impurity faults in the lattice 
of a magnetic material is responsible for the ability 
of the material to be heat-treated in a magnetic 
field, and thereby to have its magnetic properties 
altered. Accordingly the magnetic properties of 
‘Permalloy’ and ‘Perminvar’ are enhanced by estab- 
lishing an oxygen impurity of 14-21 p.p.m. by weight, 
heating to above the Curie temperature, and then 
slowly cooling under the influence of a unidirectional 
magnetic field. 


R. D. BURBANK, R. D. HEIDENREICH AND E. A. NESBITT, 
assignors tO BELL TELEPHONE LABORATORIES, INC. 
U.S. Pat. 2,965,525. 


Production of Chain Rollers and Link Plates 


The necessary strength and ductility are obtained 
in a chain roller (as used in roller chains employed 
for mechanical power transmission) by forming the 
roller from low-carbon steel (carbon preferably 
0-16-0-25 per cent.) and then subjecting it to a 
drastic quench (preferably from 20-100 C.° above 
the upper critical temperature) without preceding 
carburization. It has been found that, for rollers 
of small cross-sectional area, e.g., of a size compar- 
able to that used for bicycle or motor-cycle chains, 
this method leads to satisfactory results without 
the addition of any alloying elements other than 
those normally or incidentally present in commercial 
mild steels. For chain rollers of increased cross- 
sectional areas, alloying elements, such as nickel, 
chromium, molybdenum and manganese, may be 
added to a total content of 8 max. per cent.: a 
preferred steel includes nickel 0-4-3, chromium > 0:3, 
molybdenum 0-15-0-5, and/or manganese 0-8-2, per 
cent. 

RENOLD CHAINS LIMITED (inventor, J. D. HANNAH). 

Brit. Pat. 859,387. 

The claims of this patent are similar to those of 
Brit. Pat. 859,387 referred to in the preceding abstract. 
In this case, however, they cover the production 
of chain link plates. 


RENOLD CHAINS LIMITED (inventor, J. D. HANNAH). 
Brit. Pat. 859,388. 


Iron-Nickel-Cobalt Alloy for Sealing to 
High-Alumina Ceramics 


An alloy falling within the following composition 
range is stated to exhibit expansion and contraction 


properties sufficiently close to those of high-alumina 
ceramics as to render it suitable for the production 
of a hermetic sea! (and, for example, for use as a 
lead which will form a vacuum-tight seal through 
a high-alumina ceramic envelope for a vacuum 
tube): cobalt 24-29, per cent., remainder nickel 
and iron in a ratio of about 56-57/100. 


H. C. SMITH, assignor tO WILBUR B. DRIVER COMPANY. 
U.S. Pat. 2,960,402. 


Low-Alloy Steel of High Tensile and Impact 
Strength 


A quenched-and-tempered steel of the following 
composition is characterized by a Charpy notch 
impact-resistance of at least 20 ft./lb. at —110° 
(— 80°C.) and a tensile strength of at least 220,000 p.s.i. 
(98 t.s.i.: 154-5 kg./mm.?) after repeated heating to 
600°F. (315°C.): carbon 0-3-0-35, manganese 0-75- 
1, silicon 1:25-1:75, nickel 1-5-2, chromium 0-7- 
0:9, molybdenum 0-4-0-6, vanadium 0-08-0-15, 
per cent. After austenitizing the steel is cooled 
sufficiently rapidly to obtain a martensitic structure, 
and is then tempered in the range 550°-650°F. 
(290°-345°C.). 

The steel is suitable, for example, for recoilless 
rifles and cannon subjected to repeated heating 
to 600°F. during firing cycles. 


C. M. CARMAN AND D. F. ARMIENTO, assignors to the 
U.S. SECRETARY OF THE ARMY. 
U.S. Pat. 2,959,506. 


Creep-Resistant Iron-Nickel-Cobalt-Titanium 
Alloys for Aeronautical Applications 


Materials used in aeronautical applications in- 
volving subjection to kinetic heating during high- 
speed flight must not only be capable of withstanding 
the normal stresses of flight at the high temperatures 
involved, but must also possess a coefficient of thermal 
expansion sufficiently low to minimize the stresses 
set up when there are temperature differences in 
different regions of the same component. According 
to the present patent, age-hardenable alloys of the 
following composition satisfy both these require- 
ments and are workable and weldable: nickel 22-36, 
cobalt 5-30, titanium 1:25-1:75, carbon < 0-05, 
copper 0-2, per cent., remainder iron. 

The titanium content is stated to be critical, and 
the mean coefficient of thermal expansion over, 
for example, the ranges 25°-300°C. and 25°-5S00°C. 
falls to a minimum at about 1-5 per cent. titanium 
and rises steeply as the titanium content is raised. 
The cobalt content at which the minimum mean 
coefficient of thermal expansion occurs increases 
with the temperature range over which the mean 
is taken. 


MOND NICKEL COMPANY, LTD.* (inventors, 
A. W. FRANKLIN and J. B. BARBER). 
Brit. Pat. 861,458. 





* Now renamed The International Nickel Company (Mond) Ltd. 
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Nickel-Chromium-Cobalt Turbine-Blading Alloy 
Resistant to Sulphur Attack 


Age-hardenable turbine-blading alloys having good 
creep-rupture properties at temperatures above and 
below 900°C., and exhibiting improved resistance 
to corrosion of the kind produced by sulphur under 
oxidizing conditions, contain: chromium 13-5- 
15-75, carbon 0:05-0:5, boron 0-02 max., zirconium 
0-5 max., cobalt 10-55, aluminium 4 min., titanium 
0-5-2, molybdenum 0-10, iron 0-10, tungsten 0-5, 
manganese 0-1, silicon 0-2-5, niobium 0-2, tantalum 
0-2, beryllium 0-3, per cent., remainder nickel. 
The aluminium and titanium should not exceed 
10:5 per cent., and the aluminium/titanium ratio 
should be at least 2/1. The total of tungsten, 
manganese, silicon, niobium, tantalum and beryllium 
should not exceed 10 per cent. 


MOND NICKEL COMPANY, LTD.* (inventors, 
J. B. BARBER, H. LEWIS and A. W. FRANKLIN). 
Brit. Pat. 857,299. 


High-Temperature Austenitic Steel 


The patent relates to an austenitic steel stated to 
be suitable for use in the wrought or cast condition 
and to possess superior stress-resistance properties 
during extended service at temperatures in the 
region of 1400°F. (760°C.). The alloy contains 
carbon 0-6 max., chromium 12-25, manganese 
10-20, nickel 4-18, molybdenum 2-6, tungsten 1-4, 
nitrogen 0-1-0-6, wt. per cent., remainder iron. 
The relationship of the constituent elements must 
satisfy a given equation. 


M. KORCHYNSKY and w. CRAFTS, assignors to UNION 
CARBIDE CORPORATION. U.S. Pat. 2,955,034. 


Age-Hardenable Chromium-Nickel-Phosphorus- 
Copper Steel 


The age-hardenable stainless steel claimed exhibits 
improved hardness at temperatures below 1000°F. 
(540°C.) and good hardness in the temperature 
range 1200°-1500°F. (650°-815°C.) or higher. Main- 
tenance of the carbon content in the range 0-1-0°3 
per cent., and controlled additions of phosphorus and 
copper, enable the steel to be readily hot-worked 
and then aged to hardnesses characteristic of high- 
carbon steels (without the detrimental effects on 
workability associated with the higher carbon 
content). 

The steel falls within the following limits of com- 
position, and is age-hardenable, in the hot-worked 
condition, to at least Rockwell C30 by precipitation 
treatment at 1200°-1500°F. (650°-815°C.): carbon 





* Now renamed The International Nickel Company (Mond) Ltd. 





0-1-0°3, phosphorus 0:15-0-4, copper 0-5-3-25, 
chromium 12-30, nickel 3-35, manganese 0-8, 
per cent., remainder iron. The total nickel and 
manganese content should not exceed 35 per cent. 
The steel may also contain 0-002-0-01 per cent. 
boron, and at least 0-15 per cent. nitrogen (but 
no more than can be retained in solution). 


CARPENTER STEEL COMPANY (inventor, W. R. KEGERISE). 
Brit. Pat. 856,646. 

Similar to U.S. ,, 2,826,496. 

‘s », Canad. ,, 586,389. 


Nickel-Chromium-Iron-base High-Temperature Alloys 


The alloys covered are for use at temperatures higher 
than 1500°F. (815°C.) [in particular, in the range 
1700°-2200°F. (925°-1205°C.)], and, ‘in addition to 
being resistant to high temperatures without substan- 
tial distortion and loss of mechanical strength, must 
withstand the action of various atmospheres tending 
chemically to degrade the alloys, including oxidizing 
atmospheres, reducing atmospheres and carburizing 
atmospheres, and changes from one to the other, 
including so-called neutral atmospheres.’ 

A preferred composition range is given as: nickel 
42-50, chromium 20-30, tungsten 6 max. and/or 
molybdenum 6 max., cobalt 5 max., silicon 1-75 
max., carbon 0-2 max., manganese 2 max., per cent., 
remainder iron. 


C. H. EMERY, assignor tO SIMONDS SAW AND STEEL 
COMPANY. U.S. Pat. 2,955,934. 


Heat-Treatment of Cold-Worked 
Precipitation-Hardenable Steels 


Precipitation-hardenable steels of the following 
type, when severely cold-worked between solution- 
treatment and ageing, exhibit a lamellar precipitate 
(similar in appearance to pearlite in carbon steel) 
which has a deleterious effect on stress-rupture 
life: carbon 0-2 max., manganese 3 max., silicon 
2 max., nickel 24-28, chromium 12-16, molyb- 
denum 5 max., aluminium 2 max., titanium 1-35- 
4:5, boron 0:15 max., vanadium 1 = max., 
zirconium 0-5 max., niobium+tantalum 2 max., 
per cent. 

According to the claims of the present invention, 
the presence of this precipitate is eliminated by 
solution-treating in the range 1650°-1800°F. (900°- 
980°C.) and quenching before cold working, and 
then solution-treating in the range 1950°-2200°F. 
(1065°-1205°C.), quenching, and finally ageing in 
the range 1300°-1400°F. (705°-760°C.). 


K. METCALFE, assignor tO UNIVERSAL-CYCLOPS STEEL 
CORPORATION. U.S. Pat. 2,957,790. 


Attention is drawn to the fact that many of the names of materials mentioned in The Nickel Bulletin are Trade Marks. 
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